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ABSTRACT

Statistical Analysis plays a significant role in population comparison to investigate the geographical effect on liver diseases. In
this study the common attributes ALP, DB, SGOT, SGPT and TB were considered from the three datasets for the population
comparison. Three data sets were assessed using analysis of variance and multivariate analysis of variance and significance level
observed for the statistical analysis is <= 0.05 for the corresponding confidence level is 95%. The Significant values in the
ANOVA and MANOVA analysis indicates there is more significant difference among three liver datasets that means there is a

geographical effect on liver diseases.
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Introduction

Statistical Analysis plays a significant role in
population  comparison to investigate the
geographical effect on liver diseases. In this study
the common attributes were considered from the
three datasets for the population comparison. Three
data sets were assessed using analysis of variance
(ANOVA) and multivariate analysis of variance
(MANOVA). ANOVA analysis applied on each
single dependent variable that is ALP, DB, SGOT,
SGPT and TB to test the significant difference
among three datasets. MANOVA statistical
analysis [1-5] applied on all combinations of
common attributes to envisage the significance
among three datasets.

Related Work

Wong et al. evaluated hepatic fibrosis among
Nonalcoholic  fatty liver disease patients,
concentrating on dietary patterns [6]. Xia et al.
investigated rate of Nonalcoholic fatty liver disease
regional wise among liver fat content and glucose
metabolism [7]. Cannon et al. justified exceptions
other than hepatocellular carcinoma for final stage
liver disease [8]. Jothimani et al. reported that the
mortality rate is more for liver patients with
COVID-19 [9]. Author Liao et al. explored the
correlation among medical-level factors, county-
level factors and rate of antibiotic use [10].
Khorraminezhad et al. explored the approaches for
the analysis of multi-OMICs data in nutrition
studies [11]. Bendi, V.R. et al. investigated
performance of selected classification algorithms
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on medical datasets taken from the UCI repository
[12]. Percival et al. analyzed statistically using
multicomponent nuclear magnetic resonance [13].
Yousaf et al. forecasted COVID-19 confirmed
cases and death cases using the Auto-Regressive
Integrated Moving Average Model [14]. Ustaoglu
et al. accomplished statistical analysis using
pearson correlation index, principal component and
clustering analysis to determine water quality of the
stream [15]. Petersen et al. performed statistical
analysis on many patients increasing hypoxic
respiratory failure due to COVID-19 [16]. Gyimah
et al. investigated statistically using principal
component and cluster analyses for the assessment
of Densu River water quality [17]. Kattan et al.
explored papers that are submitted to CHEST will
be reviewed using the statistical analysis and give
response to peer review [18]. Ren et al.
accomplished statistical analysis related to tunnel
fire accidents based on causes, characteristics, and
consequences [19]. Author Livadiotis implemented
a statistical analysis on progress rate of COVID-19
cases with the effect of temperature [20]. Verma et
al. analyzed statistically using KNN and K-means
on CIDDS-001 dataset for assessing Network
Intrusion Detection Systems [21]. Zajkowska et al.
performed multivariate statistical analysis for
diagnosing breast cancer at an initial and final stage
[22]. Mustageem et al. developed a model that
predicts cardiac disease patients by assessing
clinical features of patients [23]. Zhao et al.
examined transmission chain of secondary cases
COVID-19 [24]. Lara-Cabrera et al. considered the
efficacy of metrics to assess the risk of
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radicalization [25]. Barbulescu et al. considered the
perceptions dependent on the intensity of dust
storm every month, season, year and location [26].
Sidorov et al. deliberated the practical approach for
processing the research data by using research
techniques and statistics [27]. Nordhausen et al.
anticipated Independent component analysis for the
refinement of principal component analysis by
using covariance matrix [28].

Data Sets

Datasets were taken from Visakhapatnam,
Vijayawada and Tirupathi based on the major
geographical regions of Andhra Pradesh that are
North Coastal Andhra Pradesh, Central Andhra
Pradesh and Rayalaseema respectively. These
datasets [21] are analyzed by using statistical
techniques to know the impact of geographical
variables such as food habits, behaviors,
environment etc on Liver Function Tests (LFT)
[22-23]. The three datasets are named
Visakhapatnam dataset, Vijayawada dataset and
Tirupathi dataset based on geographical region.
Visakhapatnam dataset contains 12 attributes and
has 499 samples. Vijayawada dataset contains 12
attributes and has 600 samples. Tirupathi dataset
contains 7 attributes and has 243 samples. The
description of datasets is given tablel.

Statistical Analysis

Statistical Analysis involves the investigation of
techniques for gathering, summing up, and
deciphering information. Measurements formalize

the way toward deciding. The uses of
measurements in sciences, financial aspects,
software engineering, money, brain research,

humanism, criminology, and numerous different
fields. It will inspect various approaches to
research the connections between different
attributes of information. In this investigation
standard statistical techniques [25] ANOVA and
MANOVA are applied to assess the importance
between two populaces for better grouping.
ANOVA is utilized to test the considerable
difference between one dependent variable and one
independent variable. MANOVA s utilized to test
the considerable difference between more
dependent variable and individual independent
variable. The truth liver datasets were taken from
Visakhapatnam, Vijayawada and Tirupathi based
on the main geographical regions of Andhra
Pradesh that are North Coastal Andhra Pradesh,
Central Andhra Pradesh and Rayalaseema region
respectively. The attributes in these datasets are
represented in the table 2. The common attributes
from the three data sets AGE, GENDER, TB, DB,
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— ) - SGOT, SGPT and ALP are considered for the
Table 1. Description of datasets from different regions . .
of Andhra Pradesh purpose (_)f population comparison to anquz_e the
: geographical effect. In this Group 1 indicates
Datasets # Attributes | # Samples # Classes Visakhapatnam dataset, GI’OUp 2 indicates
Visakhapatnam 7 243 2 Vijayawada dataset and Group 3 indicates
Dataset . .
Tirupathi dataset.
Vijayawada Dataset 12 600
Tirupathi Dataset 12 499
Table 2. List of attributes and types of regional datasets
Visakhapatnam Region Vijayawada Region Tirupathi Region
Attribute Type Attribute Type Attribute Type
AGE Real number AGE Real number AGE Real number
GENDER Categorical GENDER Categorical GENDER Categorical
B Real number B Real number B Real number
DB Real number DB Real number DB Real number
SGOT Integer AST (SGOT) Integer SGOT Integer
SGPT Integer ALT (SGPT) Integer SGPT Integer
ALP Integer ALP Integer ALP Integer
IB Real number 1B Real number
SP (TP) Real number TP Real number
SA (Albumin) Real number Albumin Real number
Globulins Real number Globulins Real number
A/G RATIO Real number A/G RATIO Real number
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Analysis of variance

ANOVA is used to analyze statistically [14-16]
between one dependent variable and two or more
categories. In this between groups directs
variability based on place of data, within groups
directs variability based on random error and total
directs total variability. F-statistic is a ratio of
variation between group and within group.
ANOVA and MANOVA statistical techniques are
considered for the population comparison between
datasets to know the geographical effect on liver
datasets. Statistical analysis metrics depicted in
Fig. 1.
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group mean = W

SSpetween = Sum of the squares between groups
SSwithin = Sum of the squares within Groups

N =Total number of sets

Y % = Sum of mean of all sets

fyotar = N -1

fpetween = K =1

fwithin =N —K

N=Number of all scores

K=Number of groups

Degrees of freedom= number of values estimated by the statistical analysis
f=frequency

m=midpoint

X=Sample value

X = Mean of the sample

Fig. 1 Statistical Analysis Metrics

Multivariate Analysis of variance

MANOVA is utilized to assess the hypothesis that
at least one independent factors (IVs), affect a
group of at least two dependent factors (DVs). The
objective of our investigation is to search for an
impact of at least one IVs on a few DVs
simultaneously. Four distinctive multivariate tests
[17] were considered to distinguish the huge impact
of the IVs on the entirety of the DVs, as a
gathering. Descriptive statistics are categorized into
two measures. One is central tendency that
comprise mean, median, and mode. Another one is
dispersion of data that comprises standard
deviation, variance, the minimum and maximum.
Results and Discussion

The common features ALP, DB, SGOT, SGPT and
TB were considered as DVs and group was
considered as factor variable. The consequences of
ANOVA were addressed in three lines. The
outcome of ANOVA analysis on ALP, DB, SGOT,
SGPT and TB was addressed in table 3, table 4,
table 5, table 6 and table 7 correspondingly which
demonstrates whether there is a measurably
difference among means of groups.

Table. 3: ANOVA on ALP between three datasets
ANOVA - ALP Sum of Squares df Mean Square F Sig.
Between Groups 382.012 226 1.690 6.057 .000
Within Groups 311.154 1115 279
Total 693.165 1341
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Table. 4: ANOVA on DB between three datasets

ANOVA - DB Sum of Squares df Mean Square F Sig.
Between Groups 279.482 46 6.076 19.019 .000
Within Groups 413.684 1295 319

Total 693.165 1341

Table. 5: ANOVA on SGOT between three datasets

ANOVA - SGOT Sum of Squares df Mean Square F Sig.
Between Groups 257.506 127 2.028 5.650 .000
Within Groups 435.659 1214 .359

Total 693.165 1341

Table. 6: ANOVA on SGPT between three datasets

ANOVA - SGPT Sum of Squares df Mean Square F Sig.
Between Groups 179.806 129 1.394 3.288 .000
Within Groups 513.323 1211 424

Total 693.129 1340

Table. 7: ANOVA on TB between three datasets

ANOVA - SGPT Sum of Squares df Mean Square F Sig.
Between Groups 141.279 61 2.316 5.372 .000
Within Groups 551.886 1280 431

Total 693.165 1341

Significance value indicates the possibility of
getting a change in mean among the groups as high
as seen by chance. More considerable change
among the groups due to the lower p-value. In this
investigation the sig. value is less than 0.05 means
there will be more considerable variance among
groups. This specifies the groups have considerable
variances on ALP, DB, SGOT, SGPT and TB.
ANOVA explores statistically considerable change

totally among the groups and there is need of
MANOVA analysis for Multiple Comparisons, to
explore which groups differed from each other.
Descriptive Statistics of Visakhapatnam dataset,
descriptive Statistics of Vijayawada dataset and
descriptive Statistics of Tirupathi dataset are
represented in table 8, table 9 and table 10
correspondingly.

Table 8. Descriptive Statistics of Visakhapatnam Dataset
Attribute Minimum Maximum Mean Standard Deviation
AGE 5 68 29.207 12.226
B 0.3 18.2 1.474 2.172
DB 0.1 13 0.604 1.514
SGOT 14 175 40.626 26.324
SGPT 10 267 36.247 32.343
ALP 28 605 95.753 87.995
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Table 9. Descriptive Statistics of Vijayawada Dataset
Attribute Minimum Maximum Mean Standard Deviation
AGE 0 90 45,748 17.782
TB 0.1 31.6 0.925 1.886
DB 0.1 22.8 0.447 1.433
SGOT 2 4980 58.523 244.4
SGPT 2 3642 57.552 220.689
ALP 0.7 769 114,74 90.394
IB 0.1 15 0.511 0.979
TP 2.3 502 7.842 20.523
Albumin 0.8 49 3.147 .0754
Globulins 12 24 3.735 1.37
A/G RATIO 0.1 2.5 0.903 0.321

AGE DB

. - 16,86 310 01 146

AST (SGOT) ALT (SGPT) B

%
20 22
- 10] 2.45 23432210001
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Fig. 2. Descriptive Statistics of Vijayawada Dataset

Table 10. Descriptive Statistics of Tirupathi Dataset
Attribute Minimum Maximum Mean Standard Deviation
AGE 19 85 47.259 13.905
B 0.2 1 0.726 0.138
DB 0.1 0.5 0.257 0.054
SGOT 10 45 23.733 7.97
SGPT 11 45 20.657 6.27
ALP 18 188 90.717 19.38
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IB 0.1 0.7 0.468 0.128
TP 5.8 72 7.331 2.927
Albumin 2.9 4.8 4.17 0.293
Globulins 2.1 25 3.09 1.053
A/G RATIO 1 2.2 1.365 0.239

AGE GENDER

SELECTOR

-.

Fig. 3. Descriptive Statistics of Tirupathi Dataset

Multivariate analysis offers more substitute
statistical tests and whereas one statistical test
available in ANOVA. It has Wilks’ Lambda,
Lawley’s trace, Pillai’s trace and Roy’s largest root
statistical tests. They have generated same results
with the hypothesis degrees of freedom is 1 and
whereas for the degrees of freedom is greater than
1, Wilks’ Lambda, Lawley’s trace, and Roy’s
largest root are more powerful than Pillai’s trace.
MANOVA studies the degree of variance within

the IVs and concludes the degree of variance
between the IVs. IVs had a significant effect on the
DV in within subjects variance and smaller than the
between subjects variance. In this study the
common attributes from the three datasets TB, DB,
SGOT, SGPT and ALP are considered for the
multivariate analysis. Multivariate assessments for
the blend of attributes at the respective significant
values at diverse levels are denoted in Table 11.
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Table 11. Multivariate Tests Significance (at p < 0.05 level)
Level variables F')Illrle?cleS F Hy_poth Error df Sig. PaErtt;aI
esis df

Value Sauared
DB*ALP .629 1133.53 | 2.000 | 1338.000 | .000 .629
DB*SGOT 135 104.031 | 2.000 | 1338.000 | .000 135
DB*SGPT 137 106.212 | 2.000 | 1337.000 | .000 137
SGOT*ALP .628 1127.60 | 2.000 | 1338.000 | .000 .628
fﬁ\;veigcti SGPT*ALP 628 | 1126.30 | 2.000 | 1337.000 | .000 628
ons SGOT*SGPT .065 46.306 2.000 | 1337.000 | .000 .065
TB*ALP .630 1138.87 | 2.000 | 1338.000 | .000 .630
TB*DB .399 443.812 | 2.000 | 1338.000 | .000 .399
TB*SGOT .286 268.204 | 2.000 | 1338.000 | .000 .286
TB*SGPT .288 270.857 | 2.000 | 1337.000 | .000 .288
3-way DB*SGOT*ALP 631 761.415 | 3.000 | 1337.000 | .000 631
Interacti | DB*SGOT*SGPT 142 73.857 3.000 | 1336.000 | .000 142
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ons SGOT*SGPT*ALP 628 | 751.625 | 3.000 | 1336.000 | .000 | 628
TB*DB*SGOT 407 | 306.048 | 3.000 | 1337.000 | .000 | .407
TB*DB*SGPT 410 | 308974 | 3.000 | 1336.000 | .000 | .410

4way |DB*SGOT*SGPT*ALP | 631 | 571.128 | 4.000 | 1335000 | 000 | 631

Interacti | TB*DB*SGOT*ALP 682 | 717.477 | 4000 | 1336.000 | 000 | .682

ons TB*SGOT*DB* SGPT | 392 | 215.767 | 4000 | 1337.000 | .000 | .392

5-wa

(I)rr]]tser);cti e oot 683 | 574.015 | 5000 | 1334.000 | 000 | .683

The combination of common attributes at different
levels are 2-way relations, 3-way relations, 4-way
relations and 5-way relations. The combination of
attributes at 2-way relations are DB*ALP,
DB*SGOT, DB*SGPT, SGOT*ALP, SGPT*ALP,
SGOT*SGPT, TB*ALP, TB*DB, TB*SGOT and
TB*SGPT. The combination of attributes at 3-way
relations are DB*SGOT*ALP, DB*SGOT*SGPT,
SGOT*SGPT*ALP, TB*DB*SGOT and
TB*DB*SGPT. The combination of attributes at 4-
way relations are DB*SGOT*SGPT*ALP,
TB*DB*SGOT*ALP and TB*SGOT*DB*SGPT.
The combination of attributes at 5-way Interaction
is TB*DB*SGOT*SGPT*ALP. In this
experimentation for the 95% of confidence level
the equivalent significance level is 0.05. The
Significant values are 0.000 for all the
combinations of common attributes in multivariate
analysis depicted in table 15 which is less than
significant level i.e. 0.05. This indicates more
significant difference exists between groups null
hypothesis. For all the combinations that are
DB*ALP, DB*SGOT, DB*SGPT, SGOT*ALP,
SGPT*ALP, SGOT*SGPT, TB*ALP, TB*DB,

TB*SGOT, TB*SGPT, DB*SGOT*ALP,
DB*SGOT*SGPT, SGOT*SGPT*ALP,
TB*DB*SGOT, TB*DB*SGPT,
DB*SGOT*SGPT*ALP,  TB*DB*SGOT*ALP,
TB*SGOT*DB*SGPT and

TB*DB*SGOT*SGPT*ALP they vary very much
in population comparison.

Conclusions

The familiar attributes are ALP, DB, SGOT, SGPT
and TB are considered from the three data sets for
ANOVA and MANOVA. The significance level
considered for the analysis is 0.05 with respect to
confidence level is 95%. In this investigation
ANOVA analysis shows more significant
difference between groups due to rejection of null
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hypothesis and it these groups designates more
difference on ALP, DB, SGOT, SGPT and TB.
Simultaneously in MANOVA analysis there exists
more significant difference due to the null
hypothesis based on significant value 0.000. The
results indicate that there is more significant
difference among three liver datasets that means
there is a geographical effect on liver diseases. This
may be due to food habits, alcoholic consumption,
air pollution, life style etc. Then there is a need of
localized modifications for the identification of
liver diseases.

Future Scope

ANOVA and MANOVA analysis is also suggested
for the various confidence levels like 99 % and 90
%. This statistical analysis may be applied for
various regions of India i.e different states of India
to investigate the geographical effect and to suggest
the localized settings for the diagnosis of liver
diseases.
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