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Abstract:

Background: There is a common opinion that Indians have more tendencies to develop greater waist circumference and waist to hip
ratio, thus having a greater degree of central obesity. This total abdominal and visceral fat increases insulin resistance and the de-
velopment of type 2 diabetes with elevated blood pressure. Objective: To describe the basic design for family correlation between
blood pressure phenotypes, body mass index (BMI) and waist to hip ratio (WHR) among non-diabetic and type 2 diabetic indivi-
duals. Methods: A cross-sectional descriptive study of 449 (246 non-diabetic and 203 type 2 diabetic) individuals from 130 families
were ascertained for the present study. The anthropometric measurements included height (cm), weight (kg), waist circumference
(cm), hip circumference (cm), biceps skinfold (mm), triceps skinfold (mm), mid upper arm circumference (MUAC) (cm). The phy-
siometric variables included systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MIBP) and
pulse rate. All the measurements were taken on each individual using standard technique. Results: It is observed from the present
investigation that type 2 diabetes predominately occur among male individuals. It has been observed that onset of type 2 diabe-
tes among female offspring is much lower (31.67 £ 5.58 years) as compared to male offspring (40.75 + 5.98 years). The descriptive
analysis suggests that most of the anthropometric variables are significantly (p<0.001) associated with diabetic individuals in both
generations. Conclusion: The present study reveals a pronounced role of cohabitation and familial aggregation for the association

of blood pressure with BMI and WHR among non-diabetic individuals as compared to diabetic individuals.

Introduction

Type 2 diabetes is a complex disease, genetic and environmen-
tal factors together contribute to the onset of the disease. In
the present time type 2 diabetes has posed a serious threat to
developing countries like India. The westernized life style, food
habit, obesity, rapid economic expansion and urbanization are
likely cause of increased prevalence of type 2 diabetes in India
in the recent time. The occurrences of type 2 diabetes have a
significant association with high blood pressure, waist to hip
ratio (WHR) and body mass index (BMI) [1-2] Otherwise, the
higher blood pressures, obesity and WHR are known risk factor
for the development of type 2 diabetes. However the variations
of BMI, WHR and blood pressure and its association with type 2
diabetes are different in different population and ethnic groups
[3]. Epidemiological studies have suggested that genetic fac-
tors and obesity as measured by BMI and WHR are major risk
factors for the development of type 2 diabetes [4]. The familial
aggregation of type 2 diabetes with respect to elevated blood
pressure, higher BMI and WHR is well established in Indian and
western population [5-6]. However very scanty population and
generational based data regarding familial correlation of type
2 diabetes are available in literature especially from Indian po-
pulations. The significant aggregation of multiple risk factors
including obesity and elevated blood pressure, hyperlipidemia
have been found among type 2 diabetic individuals as com-
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pared to non-diabetic individuals [2,4,7]. Several studies have
shown that Indians have an increased risk of developing Type
2 diabetes and related metabolic abnormalities as compared to
other ethnic groups [6,8-10]. It is therefore, important to esti-
mate the association of type 2 diabetes mellitus along with po-
tential risk factors in populations. Hence an analysis of familial
correlation of blood pressure with associated risk factors such
as BMland WHR among type 2 diabetes subjects would provide
to estimate the role of genes and environmental variables bet-
ween biological related family members. Therefore the objecti-
ve of the present study is to describe the basic design for family
correlation between blood pressure phenotypes, BMI and WHR
among non-diabetic and type 2 diabetic individuals.

Materials and methods
Sample

The selection of the Punjabi families was carried out through
surveys and subsequent visits of randomly selected household
inhabitants from three cities in Punjab i.e. Phagwara, Ludhiana
and Amritsar. A total of 449 (246 non-diabetic and 203 type 2
diabetic) individuals from 130 families were ascertained for the
present study. Punjabi population may be defined as similar ge-
notypic groupings and aggregate of similar cultural practices,
life style pattern, social influence and similar ethnic characteris-
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tics with Punjabi language speaking and atleast reside in Pun-
jab for the last 20 years.

Selection Criteria for Samples and Study Design

(i)Family history of type 2 diabetes mellitus. (ii) Negative history
of other important disease. (iii) Normal physical examination.
(iv) Blood pressure values not exceeding 170/100 mmHg for
all generations. Therefore, families with at least one individual
with type 2 diabetes mellitus were selected. For the present
study, data have been collected among two generations like
parental and offspring and the familial correlation was inves-
tigated by statistical methods in these two generations. For
data collection in each subsequent visit, personal interviews
were held and a well designed questionnaire was administered.
General information about name, relationship with the head of
the family, present age, age of onset of disease, sex, religion,
caste, occupation education, economic status and address was
obtained.

Table 1: Comparison of descriptive statistics for different variables among Non-diabetic and
Type 2 diabetic Male offspring
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Table 2: Comparison of descriptive statistics for different variables among Non-diabetic and
Type 2 diabetic Female offspring

Variables Non-diabetic (n=50) Type 2 -diabetic (n=38) t P Value
Mean sD Mean sD
Age (years) 24.154 6.784 37333 3.055 11.03 <0.001
Age of onset of disease (yrs) - 31.667 5.577
Height (cm) 157.641 5.967 161.667 6.506 3.85 <0.001
Weight (kg) 56.372 4.500 74.667 4.509 18.68 <0.001
Body Mass Index (kg/m?) 24.035 2365 28620 1.846 9.77 <0.001
Waist Circumference (cm) 75.718 5.684 95.333 5.638 15.92 <0.001
Hip Circumference (cm) 94.590 5.828 106.000 5.100 9.49 <0.001
Waist Hip Ratio 0.798 0.065 0.902 0.05 472 <0.001
Biceps skinfold (mm) 11.00 1.363 15.000 1.200 14.20 <0.001
Triceps skinfold (mm) 17.00 1.660 22.000 1.896 13.02 <0.001
Mid Upper Arm Circumference (cm) 27.256 1.972 29333 1.887 493 <0.001
SBP (mm Hg) 120.256 6.684 120.000 7.500 0.16 NS
DBP (mm Hg) 84.615 6.555 90.000 6.200 3.87 <0.001
MBP (mm Hg) 96.237 6.719 100.000 7.100 251 <0.05
Pulse rate (per minute) 75179 2954 89.000 2.606 2262 <0.001
Pulse pressure (mm Hg) 35.641 2523 30.000 2300 10.67 <0.001

Variables Non-diabetic (n=62) | Type 2-diabetic (n=40) t P Value
Mean SD Mean sD
Age (years) 29.710 7.597 46.500 8.678 10.19 <0.001
Age of onset of disease (yrs) 40.750 5.986 - -
Height (cm) 174.460 5.144 169.250 5679 474 <0.001
Weight (kg) 70.016 9.336 82.500 9.849 6.38 <0.001
Body Mass Index (kg/m?) 23371 3712 28.880 3.815 7.16 <0.001
Waist Circumference (cm) 87.065 6.479 107.250 7.841 13.98 <0.001
Hip Circumference (cm) 98.000 7.168 105.250 6.500 5.1 <0.001
Waist Hip Ratio 0.886 0.0395 1.017 0.0576 2.06 <0.05
Biceps skinfold (mm) 6.000 1.300 14.000 1.928 24.77 <0.001
Triceps skinfold (mm) 10.00 2.381 21.00 2.555 33.10 <0.001
Mid Upper Arm Circumference (cm) 29.484 1974 32.000 1414 6.91 <0.001
SBP (mm Hg) 123387 7116 125.000 6.000 0.85 NS
DBP (mm Hg) 85.081 7438 85.000 5.774 0.07 NS
MBP (mm Hg) 97.793 6.541 98.330 6.382 0.40 NS
Pulse rate (per minute) 73.339 2.163 82.000 2.309 19.03 <0.001
Pulse pressure (mm Hg) 38.145 2.968 40.000 3.165 297 <0.05

NS=not significant at 5% level

Measurements

Both the anthropometric and physiometric measurements
were included in the present study. The anthropometric measu-
rements included height (cm), weight (kg), waist circumferen-
ce (cm), hip circumference (cm), biceps skinfold (mm), triceps
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NS=not significant at 5% level

skinfold (mm), mid upper arm circumference (MUAC) (cm). The
physiometric variables included systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial blood pressure
(MBP) and pulse rate. All the anthropometric measurements
were taken on each individual using standard anthropometric
technique [11-12]. Height was measured the vertical distance
from the point vertex to the base of the heels. The reading was
then, recorded to the nearest 0.1cm. Weight was measured in
kilograms by making subject stand on a weighing machine
with minimal clothing and without shoes. Weight was recor-
ded with an allowance deducted for clothing. Waist circumfe-
rence was measured using a steel tape. The measurement was
taken mid-way between the inferior margin of the last rib and
the crest of the ilium in a horizontal plane. Hip circumference
was taken with steel tape fitted around the pelvis at the point
of maximal protrusion of buttocks while the subject was stan-
ding with his/her feet close to each other. Mid upper arm cir-
cumference (MUAC) was taken with steel tape. It measures the
maximum circumference of upper arm taken horizontally i.e.
where the biceps muscles are most developed. Four skinfolds
(biceps skinfold, triceps skinfold, subscapular skinfold and su-
prailiac skinfold) were taken on each subjects with the help of
Harpenden’s calipers. Body mass index (BMI) was calculated by
dividing weight of the subject in kilograms by square of his/
her height in meters. Waist to hip ratio (WHR) was calculated by
the formula: waist circumference (cm)/hip circumference (cm).
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Table 3: Comparison of descriptive statistics for different variables among Non-diabetic and
Type 2 diabetic Male Parent

Variables Non-diabetic (n=69) Type 2-diabetic (n=67) t P Value
Mean sD Mean sD
Age (years) 57.542 5112 56.361 5344 1.30 NS
Age of onset of disease (yrs) - - 49.049 5.932 - -
Height (cm) 168.792 5.640 172.049 4117 3.82 <0.001
Weight (kg) 76.542 4523 76.295 5.929 0.22 NS
Body Mass Index (kg/m?) 28.387 1.859 26.196 2527 579 <0.001
Waist Circumference (cm) 98.625 4853 98.639 3.169 0.02 NS
Hip Circumference (cm) 102375 2509 103.705 3379 2.60 <0.05
Waist Hip Ratio 0.962 0.051 0953 0.058 032 NS
Biceps skinfold (mm) 9.00 2.486 8.000 1.250 294 <0.05
Triceps skinfold (mm) 14.00 1.732 12.000 1.250 767 <0.001
Mid Upper Arm Circumference (cm) 30.250 1.883 31.180 1678 333 <0.001
SBP (mm Hg) 127458 6.150 131.311 6.230 361 <0.001
DBP (mm Hg) 89.625 7.645 93.148 6510 2.86 <0.05
MBP (mm Hg) 102.177 7.892 104.861 5710 228 <0.05
Pulse rate (per minute) 74.625 2.571 77.000 2324 5.62 <0.001
Pulse pressure (mm Hg) 38.250 3.131 40328 2938 397 <0.001

NS=not significant at 5% level

The physiometric variables included measurement of systolic
blood pressure (SBP), diastolic blood pressure (DBP) and pulse
rate. Two consecutive readings were recorded for each of SBP
and DBP and the averages were used. The measurements were
taken with the help of mercury sphygmomanometer in a sitting
position with the right forearm placed horizontal on the table.
The recordings were taken as recommended by the American
Heart Association [13]. An appropriate sized cuff was fitted on
the arm of the subject and was inflated to about 20mm Hg abo-
ve the point at which the radial pulse disappeared. The pressu-
re within the cuff was then, released at a rate of approximately
2mm Hg/second, while osculating with a stethoscope placed
over the brachial artery. The onset of sound (Korotkoff- phase
I) was taken as indicative of systolic blood pressure and the di-
sappearance of sound (Korotkoff- phase V) was taken as indica-
tive of diastolic blood pressure. Korotkoff phase was taken as
recommended by the American Heart Association and others
[14]. All efforts were made to minimize the factors which might
affect blood pressure like anxiety, fear, stress, laughing and re-
cent activity [15]. Mean Arterial blood pressure (MBP) was cal-
culated for each of the two readings taken for SBP and DBP by
using the formula: MBP= DBP + (SBP- DBP)/3 [16]. Pulse rate
was counted over one minute and the radial artery at the wrist
is most commonly used to feel the pulse.
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Statistical analysis

Differences of means in different variables among various
groups were compared using independent samples t-test. Fa-
mily correlations and cross correlations matrix for dependent
variables SBP and DBP were used to investigate the relations
with independent variables BMI and WHR among different
generations. Two-tailed probability levels for statistical signifi-
cance are reported. All data were analysed by SPSS (SPSS Inc.,
Chicago, IL, USA; Version 17.0).

Results

All parameters except age of onset (only for diabetic indivi-
duals) have been measured from 62 non-diabetic male offs-
pring and from 40 type 2 diabetic male offspring. The same
parameters have been measured from 50 non-diabetic female
offspring and 38 type 2 diabetic female offspring. The compa-
ratively small numbers of type 2 diabetic individuals among
male offspring and female offspring have been found due to
higher age of onset of the disease. The same parameters have
been measured from 69 non-diabetic male parents and 67 type
2 diabetic male parent. For the same measurements the num-
ber of female parent is 65 (non-diabetic female parent) and 58
(type 2 diabetic female parent). Therefore a total of 449 indivi-
duals have been measured for all parameters except age of on-

Table 4: Comparison of descriptive statistics for different variables among Non-diabetic and
Type 2 diabetic Female Parent

Variables Non-diabetic (h=62) | Type 2-diabetic (n=40) t P Value
Mean sD Mean SD
Age (years) 51.46 5671 55.843 5.823 11.03 <0.001
Age of onset of disease (yrs) - - 49.294 5.725
Height (cm) 156.360 5.561 156.784 4.637 3.85 <0.001
Weight (kg) 67.920 4.889 69.922 4.868 18.66 <0.001
Body Mass Index (kg/m?) 27.869 2,661 28536 2785 9.77 <0.001
Waist Circumference (cm) 93.320 3.083 99.078 3.696 15.92 <0.001
Hip Circumference (cm) 105.080 3.788 109.451 3.991 949 <0.001
Waist Hip Ratio 0.881 0.054 0.981 0.035 472 <0.001
Biceps skinfold (mm) 13.000 1476 12.00 1.600 14.20 <0.001
Triceps skinfold (mm) 21.000 2.644 20.00 2778 13.02 <0.001
Mid Upper Arm Circumference (cm) 29.980 1.278 31.216 1.159 493 <0.001
SBP (mm Hg) 127.400 6.141 131.569 7.248 343 <0.001
DBP (mm Hg) 88.900 7619 92.686 7537 274 <0.05
MBP (mm Hg) 101.797 6.580 104.962 6412 0.66 NS
Pulse rate (per minute) 77.420 2454 79.588 2948 443 <0.001
Pulse pressure (mm Hg) 39.100 3372 40.490 3.356 227 <0.05
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Table 5: Observed family correlations for P (SBP) and Q (BMI) among non-diabetic individuals

Q Q, Quo Q. P P, Pro P
Q 1.000
Q. -0.144 1.000
Qo -0.090 0.302* -1.000
Qy, -0.080 -0.339*  -0.116 1.000
P 0.289 0.324 -0.142  -0.514**  -1.000
P -0.231 0.050 0.313* -0.162 0.258 1.000
Pro 0.202 -0.194 0.243* -0.158 0.192 0.295* 1.000

Pe -0.075 0.090 -0.125 -0.157 0.258 -0.233 -0.190 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

set. Comparison of descriptive statistics for different measured
variables such as age, age of onset, height, weight, BMI, waist
and hip circumferences, waist to hip ratio, biceps and triceps
skinfolds, pulse rate and pulse pressure are presented in table
1-4 among offspring and parental generations between type 2
diabetic and non-diabetic individuals. Among male offspring,
all the variables except height have higher mean values among
type 2 diabetic male individuals. The mean age of onset of type
2 diabetes has been found around 41+5.98 years among male
offspring generation. The distribution of means and SD of four
important variables for the present study such as SBP, DBP, BMI
and WHR are as follows. The mean SBP is 125.00 + 6.00 mmHg
among type 2 diabetic male offspring as compared to non-
diabetic individuals (123.38+7.11 mmHg). The mean for DBP is
85.00+5.77 mmHg (type 2 diabetic) as compared to 85.08+7.43
mmHg (non-diabetic), for BMI it is 28.88+3.82 kg/m? (type 2
diabetic) as compared to 23.37+3.71 kg/m2 (non-diabetic). The
same for WHR is 1.02+0.06 (type 2 diabetic) as compared to
0.89+0.04 (non-diabetic).However, the mean differences for all
the parameter expect SBP and DBP are statistically significant
(p<0.001) (Table 1). Among female offspring, all the variables
except SBP have higher mean values among type 2 diabetic
female offspring and all these differences were statistically sig-
nificant (p<0.001). The mean age of onset of type 2 diabetes
have been found around 31.67+5.58 years. The distribution of
four concerned variables such as SBP, DBP, BMI and WHR are
described as follows. The mean SBP is 120.00+7.5 mmHg (type

Table 6: Observed family correlations for P (SBP) and Q (BMI) among type 2 diabetic individuals

Q Q, Qo Q, P P Pro P

Qs 1.000

Q, -0.064 1.000

Q.o -0.728 0.205 1.000

Q, 0.730 0.945 -0.429 1.000
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2 diabetic) as compared to 120.26+6.68 mm Hg (non-diabetic).
The same for DBP is 90.00+6.2 mmHg (type 2 diabetic) as com-
pared to 84.62+6.56 mmHg (non-diabetic). The mean BMI is
28.62+1.85 kg/m2 (type 2 diabetic) as compared to 24.04+2.37
kg/m? (non-diabetic). Similarly for WHR mean is 0.90+0.05 (type
2 diabetic) as compared to 0.79+0.06 (non-diabetic) (Table 2).

Among male parent, all the variables except age, weight, BMI,
WHR, biceps and triceps skinfolds have higher mean values
among type 2 diabetic subjects. The mean age of onset for type
2 diabetic has been found around 49.05+5.93 years. The distri-
bution of four concerned variables such as SBP, DBP, BMI and
WHR are as follows. The mean SBP is 131.31+6.23 mmHg (type
2 diabetic) as compared to 127.46+6.15 mmHg (non-diabetic).
The same for DBP is 93.15+6.51 mmHg (type 2 diabetic) as
compared to 89.63+7.64 mmHg (non-diabetic). For BMI mean
is 26.194+2.53 kg/m?2 (type 2 diabetic) and 28.39+1.86 kg/m?
(non-diabetic). The mean for WHR is 0.95+0.05 (type 2 diabetic)
as compared to 0.96+0.05 (non-diabetic) (Table 3). However,
mean differences are all significant (p<0.001). In case of fema-
le parent, all the variables except biceps and triceps skinfolds
have higher mean values among type 2 diabetic female parent.
The mean age of onset for type 2 diabetes has been found
around 49.29+5.73 years. The distributions of four concerned
variables such as SBP, DBP, BMI and WHR are as follows. The
mean SBP is 131.56+7.25 mmHg (type 2 diabetic) as compa-
red to 127.40+6.14 mm Hg (non-diabetic). The same for DBP is
92.69+7.54 mm Hg (type 2 diabetic) as compared to 88.90+7.62

Table 7: Observed family correlations for P (SBP) and Q (WHR) among non-diabetic individuals

Q Q. Quo Qo Py P Pro P

Q 1.000

Q. -0.060 1.000

Q. 0.200 0.130 1.000

Qs -0.271 0.109 0.264 1.000

P -0.048 -0.011 -0.226 -0.152 1.000

P -0.028 -0.069 -0.138 -0.055 0.258 1.000

Pro 0.140 -0.213 0.133 0.004 0.192 0.295* 1.000

Ps -0.071 0.194 -0.008 -0.489 0.258 -0.233 -0.190 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Table 8: Observed family correlations for P (SBP) and Q (WHR) among type 2 diabetic individuals

Q Q. Qno Qs P; Pr Prno P

Q 1.000

Q. -0.152 1.000

Qno 0.840 -0.555 1.000

Q, 0.945 -0.207 0.895 1.000

P 0.226 0.357**  -0.225 0.908 1.000 P; 0.209 0.065 -0.719 -0.719 1.000

P 0.153 0.153 -0.395 0.718 0.013 1.000 P. -0.092 -0.018 -0.666 -0.666 0.013 1.000

Pro 0.149 -0.957*  -0.023 -0.962 -0.679 -0.577 1.000 Pro 0.910 -0.511 0.963* 0.963 -0.679 -0.577 1.000

P 0.017 0.893 0.350 0.696 0.933 0.000 -0.866 1.000 Ps -0.805 -0.094 -0.722 -0.722 0.933 0.000 -0.866 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Table 9: Observed family correlations for P (DBP) and Q (BMI) among non-diabetic individuals

Q Q. Qo Q. P¢ Pn Pro Pe
Q 1.000
Q, -0.144  1.000
Q.. -0.090 0302*  1.000
Q. -0080 -0339% -0.116  1.000
P 0235 0167  -0.116  -0.400*  1.000
P.. -0.146 0189 0269  -0.124  0462*  1.000
P.. 0.620% 0106 0287* -0.115 0127  0336*  1.000

Pe -0.100 -0.106  0.400**  0.128 0.105 -0.239 -0.132 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

mmHg (non-diabetic). The mean BMI is 28.54+2.78 kg/m? (type
diabetic) as compared to 27.87+2.66 kg/m2(non-diabetic). The
mean value of WHR is 0.981+0.03 (type 2 diabetic) as compared
to0 0.88+0.05 (non-diabetic). Almost all the mean differences are
statistically significant (p<0.001) (Table 4).

Table 5-12 represent family correlations and cross correlations
matrix for dependent variables SBP and DBP with independent
variables BMI and WHR among type 2 diabetic and non-diabe-
tic subjects. Maximum significant (p<0.05) family correlations
for SBP with BMI such as mother-male offspring, mother-female
offspring, father-female offspring have been found among non-
diabetic individuals. Whereas among diabetic subjects only
spouse, mother-male offspring have found significant (p<0.05)
(Table 5-6). Table 7 and 8 depict the result of the same analysis
for SBP with WHR. All familial cross correlation have found in-
significant among both diabetic and non-diabetic individuals
except brothers among diabetic individuals. Table 9 and 10 pre-
sent the result of matrix analysis for family correlation of DBP
(independent variable) with BMI (dependent variable). Only
three family correlations such as father-male offspring, bro-
ther-sister and father-female offspring have found significant
(p<0.05) among non-diabetic individuals. Whereas, none of the
correlations have found significant among type 2 diabetic indi-
viduals. Table 11 and 12 depicts the result of matrix analysis for
family correlation of DBP (independent variable) with WHR (de-
pendent variable). Surprisingly none of the correlations have
found significant (P<0.05) among non-diabetic and diabetic
individuals except father-male offspring among type 2 diabetic
individuals.

Discussion

The major objective of the present study is to describe the ba-
sic design for family correlation between blood pressure phe-
notypes, BMland WHR among non-diabetic and type 2 diabetic
individuals. The total above said objectives were examined in
Punjabi population in Punjab. The observations were done from
Punjabi families in different cities and data were collected from
two generations such as offspring and parental with four ca-
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tegories like male offspring, female offspring, male parent and
female parent. With respect to present objectives many interes-
ting results have been observed and discussed one by one. The
high prevalence of type 2 diabetes have been observed in the
present population among male parental generation (26%) fo-
llowed by female parent (22%). It is observed from the present
investigation that type 2 diabetes predominately occur among
male individuals with mean age of 49.05 + 5.9 years as compared
to female counterpart with mean age of 49.29 + 5.72 years. The
present result is also supported by many other previous studies
[4,17-18]. In the present evaluation it has been observed that
onset of type 2 diabetes among female offspring is much lower
(31.67 £ 5.58 years) as compared to male offspring (40.75 + 5.98
years). This difference of age for onset of type 2 diabetics is sta-
tistically significant (t= 6.83, p<0.001) between the sexes. This is
may be smaller sample size for these two categories. However
this underline mechanism responsible for the development of
type 2 diabetes in lower age among females remains to be in-
vestigated in larger sample size. The present cross sectional and
observational study also pointed that on an average the age of
onset of type 2 diabetes among offspring generation is much
lower than parent generation. This is because the age of diag-
nosis of type 2 diabetes in probands was lower than their diabe-
tic parents, furthermore increasing parental history of diabetes
was significantly associated with the earlier diagnosis of type 2
diabetes in offspring and proband. Therefore this result empha-
sis the familial aggregation of type 2 diabetes in Punjabi popu-
lation. In descriptive statistics, it has been noticed that diabetic
individuals have higher average of SBP, DBP, BMI and WHR as
compared to non-diabetic individuals, which suggests a certain
pattern of obesity with abdominal fat distribution among dia-
betic individuals. Similar observations have been found in other
studies [2,4,18-21]. From the family correlation matrix analysis,
it seems that SBP and DBP have significant and pronounced re-
lationship with BMI and WHR among non-diabetic individuals
as compared to diabetic individuals.

Therefore, it may be assumed that the significant correlation of
parental environment in the case of SBP and DBP indicates that
effect of cohabitation and familial aggregation have a impor-
tant role for significant association of blood pressures with BMI

Table 10: Observed family correlations for P (DBP) and Q (BMI) among type 2 diabetic individuals

Q Q. Qno Qs Py Pr Pro Pr

Q 1.000

Q. -0064  1.000

Q.. -0728 0205  1.000

Q, 0730 0945  -0429  1.000

P, 0.294¢ 0253  -0.145 0962  1.000

P. 0216 0163  -0395 0718 0076  1.000

Pro 0.678 -0.702 -0.829 -0.244 -0.408 0.000 1.000

P 0.017 0.893 0.350 0.696 0.866 0.000 -0.866 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Table 11: Observed family correlations for P (DBP) and Q (WHR) among non-diabetic individuals

Q Q, Quo Qo P Po Pro Pro

Q 1.000

Q. -0.060 1.000

Qo 0.200 0.130 1.000

Qy, -0.271 0.109 0.264 1.000

P 0.089 0.023 -0.316 -0.032 1.000

P -0.085 0.107 0.023 0.107 0.462* 1.000

Pro 0.148 0.061 0.392**  -0.009 0.127  0.336** 1.000

Pe 0.219 0.208 0.075 -0.101 0.105 -0.239 -0.132 1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

and WHR among non-diabetic individuals but not in diabetic
individuals. The correlation matrix analysis suggested a stron-
ger environmental and/or genetic component related with
the morphology or variation SBP and DBP with respect to BMI
and WHR among only non-diabetic individuals. These stronger
components have not noticed in diabetic individuals due to
the fact that diabetic individuals are under medical treatment
which helps to reduce the blood pressure. The association of
the blood pressure with BMI and WHR among type 2 diabetic
individuals can also be reduced by making changes in diet, life
style and increasing physical activity. However there are inade-
quate evidences available to justify the present observation.
Therefore it may be concluded from the current study that sha-
ring household environment has a significant effect in familial
aggregation for, SBP, DBP, BMI and WHR among non-diabetic in-
dividuals and it is negligible for diabetic individuals. This hypo-
thesis will require detailed study of household structure and
day-to-day functioning verification.

Table 12: Observed family correlations for P (DBP) and Q (WHR) among type 2 diabetic individuals

Q Q. Qo Q. Py P Pro P

Q 1.000

Q, 0152 1.000

Q.. 0840  -0555  1.000

Q, 0945  -0207 0895  1.000

P, 0355* 0207 -0.953* -0976  1.000

P. 0014  -0151  -0666 -0298 0076  1.000

P.. 0634 -0105 0336 0678  -0408 0000  1.000

P,  -0.805 -0094 -0772 -0955 0866 0000 -0.866  1.000

Qf = Father, Qm = Mother, Qmo= Male offspring, Qfo= Female offspring
**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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