Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) “—.i.l
Vol.8, No.16, 2018 IIS E

Application of Profile Analysis to the Fasting BloodSugar levels of

diabetics patients

Jean Pierre Namahorh*ean Bosco Nshimiyimahaduang Jing hua

1.School of Physics and Mathematics, China Uniteisi Geoscience (Wuhan), Wuhan 430074, Hubei,
P. R. China.
2. Department of Biochemistry and Molecular Biolp&¢ghool of Life Sciences, Central China Normal
University, Wuhan 430079, Hubei, P. R. China.
*Corresponding Author: jpnamal991@yahoo.com

Abstract

The main purpose of the study was to investigagefdisting of blood sugar (FBS) levels fluctuatioreiotime
and the effect of some plausible factors on thisnge for Diabetic’s patients on treatment and BaddrDiet
(BD). To this end, we analyzed the FBS levels ithigender and age groups by using profile analgsssudy

the patterns of their changes. In this study, weduRetrospective data from Rwanda Diabetics Astonia
(RDA) containing patient's FBS level, gender ance atpta, regularly obtained every three months. The
MANOVA test of parallelism on treatment and BD slemvat 5% significance level that the profiles in ggnd
and age groups were parallel. The distance betweefiles was not significant, but not flat. The bsi&s
revealed that although the treatment remained teféecthe trends of FBS levels over time were gadrin
treatments and BD. Furthermore, the rates of FE® @l on treatment and BD were a function of tinteese

models and rates indicated that only treatment taev@ositive impact on FBS level while the BD haseffect.

Keywords: FBS level, Balanced Dietrrend model

1. Introduction

Diabetes mellitus is one of the most dangerousadsecharacterized by the lack of ability to regulakood
sugar levels of the body, resulting in chronicaligreased blood sugar levels, or hyperglycemiab&tias has
two types: Type 1 and Type 2, People who have Tlypébetes do not produce insulin which convert®d!
sugar and starches into energy and type 1 diabegzsto be called juvenile onset diabetes becausasually
diagnosed in adolescence. Type 2 diabetes mellihes,most common form of diabetes, results from an
imbalance between insulin sensitivity and insukicretion and comprises 90% of people with diabatesnd

the world while type 1 comprises 10% (Wang, Suralet2014). In the past years, the global rise im-no
communicable diseases (NCDs) represented one ofm#jer health and socioeconomic threats in the 21st
century. Among NCDs, diabetes mellitus remainsagitally diseases because of its prevalence ancethed
complications worldwide(Garg, Bantle et al. 1994)sub-Saharan Africa, while communicable diseaseh as

HIV/AIDS, malaria, and tuberculosis have continuedprovoke great threats to the public health sgstié is
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now shown that NCDs such as diabetes are unddlybéelding to the multiple burdens for people iisth
region(Liu, Fu et al. 2010). In the research coreldiégn 2010 by Shaw about diabetes and its contjgita has
revealed that the prevalence of diabetes amongsabdetween 20 and 79 ages old was found to be 6.4%,
affecting 285 million adults all over the world @, Sicree et al. 2010). Likewise the research aotedl in
Kigali University Teaching Hospital (CHUK) in 2012as shown that out of 294 patients ( 104 malesl&ad
females) constituted the study population, 70 (Ré#ére diagnosed with type 1 while 224 (76%) haghet2
diabetes(Rudasingwa, Amendezo et al. 2012). Onother hand, the research carried out at Ketu-South
Municipality in Ghana about the prevalence of tZpdiabetes showed that the FBS level for 80 dialpttients

on drug was containing 23.75% suggesting that agiagases the chances of having diabetes of 2yaed
females (67.5%) were almost twice as the male¥8R. The high number of females was compared t@snal
and due to the higher physical activity-relatedstoning the energy in males compared to female st#hjso
decrease the rate of males living with type 2 efieb. The low level of diabetes-related health edjteres has
prevented a very small proportion (0.06%) of diabetlated deaths. Increased funding for cfisttve
diabetes prevention and treatment is a need (Adamipaguterah et al.). Similar conclusions were made
by(Scavini, Stidley et al. 2003) who found that grevalence of diabetes was 57% higher among fenthsn

male members of the population.

In 2011, there were approximately 180 million peoplorldwide with diabetes and its complications €iTu
Maiyoh et al. 2010). In 2000, WHO showed that 7GXDOf people were lived with diabetes in Africa(@il
Roglic et al. 2004). Rwanda had 30000 lived witabdites at that time and was subjected to a yeastgase.
To decrease its rate, regular physical activity waiongly recommended for people with diabetesnprove
their fasting blood sugar level control, insulinnsiivity, prevention and reduction of morbiditiend
complications (Kabanda and Phillips 2011).Progiedgi Rwanda is becoming one of the fastest dgiedp
countries in Africa. However, the management of netoic development for local people is not yet
standardized(Giddens 2018). This fact leads tarttkeement of diabetics due to the low economic tgvaent
which limits the affordability of treatment and assibility of health facilities(Phelos 2017). THere, some
diabetics have been assigned to treatments andsotbeBD according to their fasting blood sugarele
Furthermore, diabetics are likely to occur in maoyulations and at an early stage. By reflectintpab issues,
this research comprises techniques to analyzeatsting blood sugar level for diabetic’s patientsapplying

profile analysis.
1.1. Profile Analysis

Generally, the profile analysis is a multivariatel tmr analyzing the profile of variables acrossup® especially
for repeated measures or mixed ANOVA, and also imudtivariate approach which uses separate coeetlat
response variables. It is normally used in diffedend of data. Mostly for these twoftirent types that are
measured over time: time series, which takes maggsorements on a small set of individuals, andifodigal
data, which takes a small number of measurements lange number of individuals. It deals with thtests:
Test of Parallelism, Test of Levels (Separatiorg @est of Flatness. The main test is to know ifhafiles of
group levels are parallel, are at the same levélaana flat. Profile analysis asks three basic questabout the

data plots:

81



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) 5-'—.i.l
Vol.8, No.16, 2018 IIS E

> Are the groups parallel between time points?
> Are the groups at equal levels across time points?
» Do the profiles are flathess across time points?
If the answer to any of these hypothesized questing i.e. that specific null hypothesis is rejdcthen there is

a significant ect. The type offéect depends on which of these null hypothesegéastesl.
This hypothesis can be written mathematically #isvfio
Ho: Are the profiles similar in the sense of beinggiial?

Hitpqj — Maj—1 = Uoj — Mpj—1 fOr j= 1, 2, 3...p where p is the set of measuremamdy, ; is the means of

each group.

Ho: Are they at the same level?

H.: HiatlatUyp  Hpatlz 2t tU2p
2: -
p 14

The same level means within groups are on the fiame
Ho: Are they flat?

Mia—paz _ B12-ppp BLP-ppp
Ha: = oo = 2PTH2P

2 2 2

The flatness means that the profiles are horizontal.

The analysis of these hypotheses is based on thellidg's test (F). The Hotelling test (%) is used to test
whether the population means of the K+1 randomorecind response variable are equal. The rejeofidine
null hypothesis is whefi? > y? (a). This test is exactly chi-square distributed withiggree of freedom. For
small samples, the chi-square approximation taldes not take into account variation due to estimyahe

samples variance-covariance ma®ixMorrison 2005)

Therefore, better result be obtained from the famnsation of the Hotelling’s test ¢J statistic to F statistic as

follow: F = Z(%fll) * T2 and was compared witR-value generated by the software where n-1 is a degree of

freedom, and p indicating measurement recorded.
2. Methods

The design of this study is repeated measurefaitudinal second data that have been provideRD# in
the group of Gender (male and female) and Age (ufudty and above forty years old) in 2015.The msx of
obtaining the data was authorized by RDA and URvensity, College of Science and Technology (SQi).
this researcii52 individuals were enough to analyze the chafdB& level of diabetic patients. 76 individuals
assigned to treatment and 76 individuals for BOrdnydom samples. SSPS software has been used yzatiz
data and manually calculation of some parametetiermodel. The MANOVA was used to show tlfeeet of

treatment and BD on the FBS level in the intenfdirae of t= 0, 3, 6 months and the profile plotsl amsts also
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have been used to show the patteéfact of both treatment and BD. This research waedas this hypothesis

of interest:
Ho: There is no significancefect of treatment or BD on FBS level in groups dfgrds.
Hi: There is anfect of treatment and BD on FBS level in a groupatfents.

The application of profile analysis enclosed alblgeis and interpretation of data and answer thevab
hypothesis.

3. Results

This following analysis was based by applyitig transformation of the Hotelling’s test’(Tstatistic into F-

statistic as follow: F =%*T2 and compared with P-value generated by the soffwamd F- value

generated by the software did not take into acconlyt T> and P-value were used in this analysis.
3.1. Descriptive statistics

The females and males were equal and the mean ehangBS level for males before taking treatmemt fo
diabetics was 281.11 mg/dl whiles that of the farmalas 239.11 mg/dl. After taking first and sectredtments
for, FBS level was 77.76 mg/dl and 81.39 mg/dl eesipely. While for the diabetics patients undettyfoyears
old before taking first treatment FBS level wer8 28 mg/dl and for patients above thirty nine yeazldswere
258.52 mg/dl. After taking the second and thircatmeents, the mean changed to 79.58 mg/dl. The atdnd
deviation decline at high rate that implies highidgon of FBS level with presence of treatment.

The females and males were not equal and the nfelaB® level for males and females before guidethke
BD (balanced diet) for diabetics was 273.32 mg/dldhand 223.39mg/d| respectively. After taking@ed and
third BD, the means of FBS level were 248.03 mgrai

271.51 mg/dl respectively. The mean of FBS leveluioder forty years old and above after guidedake ffirst
and second BD for diabetics was 260.44 mg/dl arid®2ymg/dl respectively. The standard deviationtaoebig
that implies slow change of FBS level. Throughdwt BD, the means of FBS level of patients doegslaotease
at a significance rate which shows that BD caniffeica FBS level. The standard deviation is too ioiplies
slow deviation of FBS levdlTable 1).

3.2. Profile plots of FBS in Age and Gender on timeent

The pattern of change in FBS level over the peoibdbservation for group of age were showed thh below

40 years old and above 40 initially Were at higbelesharply but group 1 was above of group 2;aboth
declined at the same rate ungiaihd after that, both seem to be also changingniostl the same pattern and met
on t (Figure 1) and then the profiles are seemed parallel and fisthe gender, profiles showed that both sexes
initially Were at high level sharply but males wergove of females at,tboth declined but males declined at
high rate than females untjl and after that, both seemed to be changing instlthe same pattern but with the
males almost greater than females up; tantd showed that the profiles are parallel meansligiance between

profiles is not significance but not fiitigure 2).
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3.3. Profile plot of FBS in Age and Gender on BD

The pattern of change in FBS level over the pedbdbservation for age group was shown that boitiaily
decreased sharply in theffégrent rate from;tup to § but group 1 decrease at a high rate than gro@réup 1
was at the highest level than group 2;aaihd then both seem to be increasing in almossahee pattern up te.t
So the profiles seemed parallel and flatrfEggure 3). For gender, the profiles showed that initially,raup of
males decreased while a group of female increasarply in almost the same rate but in oppositectimas.
Males were at the highest level than females, @nid that of the females increased at a highthaie males until

t, and after that, both seemed to be changing instlthe same pattern up toFigure 4).
3.4. Test for parallelism, flat and at the same llevetreatment

The hotelling’s test for parallelism in gender goeus T = 0.025. F-test was calculated and is equal tafstc:

F (3, 72) = 0.0081. The hypothesig id failed to be rejected at 5% significance lewets P —value is greater
than F (3, 72) = 0.416 The hoteling’s test for flaliam in age groups was’E 0.002. F-test was calculated and
is equal to F statistic: F (3, 72) = 0.00064. Thpdithesis kg the vectors are parallel for two groups (under 40
years and 40 and above years), did not reject&éoatignificance level since P—-value is greater th¢8, 72)=
0.918. Generally, these profiles either in gender age groups are parallel since the null hypothdgksot

rejected. So there is no interactidfeet of time and group§able 2).

The hotelling’s test for flatness in gender groig$°= 1.237. F statistic: F (3, 72) = 0.401. The hjpesis H
is rejected at the 5% significance level since Pluevds less than F (3, 72) = 0.00. The hotellinggst for
flatness in age groups wa3 ¥ 1.074. F-test was calculated and is equal ttaffstic: F (3, 72) = 0.348. The
hypothesis HO: the vectors are flatness for two gsdunder 40 years and 40 and above years), dedjat 5%
significance level since P —value is less than Fg3,= 0.00. Generally, all null hypotheses areatejé that
implies that the profiles are not flat. So they aehorizontal(Table 3).

According to the results imable 4, Hotelling test for the same level, the null hypeses is failed to be rejected

since P —value is greater than significance lev&I05. So all profiles are on the same line.
3.5. Test for parallelism, flat and at the same lleveBD

The hotelling’s test for parallelism in gender gusus T =0.034. F-test was calculated and is equal tafisit:

F (3, 72) = 0.011. The hypothesig id failed to be rejected at the 5% significancellsince P —value is greater
than F (3, 72) = 0.4301. For age groups was 0.014. F-test was calculated and is equal tmfisc: F (3, 72)

= 0.0045. The hypothesispgHthe vectors are parallel for two groups (underyd@rs and 40 and above years),
did not rejected at 5% significance level since Ruevés greater than F (3, 72) = 0.611. Generdflgse profiles
either in gender and age groups are parallel glme@ull hypotheses did not rejected. So theraisteraction
effect of time and group@able 5).

The hoteling’s test for flatness in gender grow¥i= 0.293. F-test was calculated and is equal tafissc: F
(3, 72) = 0.095. The hypothesis I3 rejected at the 5% significance level since Blueris less than F (3, 72) =
0.00. For in age groups wad=70.293. F-test was calculated and is equal t@fistt: 0.095.The hypothesigH

the vectors are flatness for two groups (under 40syand 40 and above years), is rejected at 5%isagce
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level since P -value is less than F(3,72)= 0.00ne&aly, all null hypotheses are rejected implibat tthe
profiles are not flat. So they are not horizoftable 6).

According to the results itable 7, the null hypotheses are failed to be rejectedesi —value is greater than

significance level = 0.05. So all profiles are ongame line.

Interpretation : According to the MANOVA test for the parallelisrall profiles plot in gender and age are
parallel on treatment and BD. The flatness failed #ue profiles are on the same line, implies thatdistance

between profiles is not significance.

3.6. Fitted mathematical models

The linear model and quadratic model are signifieaiocdescribe the change of FBS level with respethe
time interval in which the patients had been takimg treatment and requested to take BD but aqogdi the
codficient of determination (R square), the quadraticiehavas appropriate. The averaged quadratic mazkel h
been tested by heteroscedasticity residuals tesslaowed that 8= 0.889 on treatment and' R 0.711 on BD.
The fitted model that describing the change in F8&llis shown as follow: The analysis revealed #iigiough
the treatment remainedfective, the trend of FBS level over time was quacirandicating that initially the FBS

level usually increases with time and then alsogases with time. The quadratic profile trend oleidiwas FBS

d(FBS(t))
dt

(t) = 0.44t +3.173t. And also the rate of change of FBS oattment wa = 088t + 3173which

increased over time. The positive sign of the estncoéicients indicates the positivefect of treatment of
FBS level of the patients in the time interval. WHor BD, the profile trend obtained was FBS (& ©.688f
-11.05t that showed the FBS declined over timeiaditating no &ect of BD on FBS, and the rate of change

d(FBS(t))
dt

of FBS on BD wa =-1377 - 1105, which declined over time. The negative sign df th

estimated parameter indicates the less impacteoBt on the FBS level of patients. Therefore thasdels and
rates indicated that only treatment has the pasitmpact on diabetic’s patient§able 8). The ARCH-LM
indicated that the residuals were free from coaddl heteroscedasticity (p-value = 0.6051) for Bial §p-
value= 0.7093) for treatments. Hence the diagndstitrevealed that the models are adequate fdigtian of
FBS level. The cd#cients of determination (Rnarked with start (*)) iniable 8 on treatment and BD also show

that the parameters estimate are fit the models.
4. Discussion

The similar initial increase and then decline ia fgattern of change of FBS levels over time fohlsaxes is an
automatic indication that the treatment and managé¢mlans adopted to bring the situation underrobmtere
actually addressing the condition irrespective eridger even though performance is better in makas filmales,
the same for BD féect on the FBS level. According to descriptiveistats, the females and males were equal
and the mean change in FBS level after taking &iret second treatments for, FBS level was 77.7@lInagvd
81.39 mg/dl respectively. While age group aftelirtgkthe second and third treatments, the mean euhtg
79.58 mg/d. In gender group after taking secondthind BD, the means of FBS level were 248.03 mgfuti
271.51 mg/dl respectively. While the mean of FB&Ildor under forty years old and above after gdittetake
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first and second BD for diabetics was 260.44 mgfil 276.94 mg/dl respectively. The standard deviafor
treatment decrease at higher rate while in BD stathdeviation decrease at low rate (TableThe Hotelling’s
test of parallelism, equality, and flatness, shothed the pattern for male and female patients isomby the
same but also almost equal with the average of IEB& changing slowly over time, while gender dat efect
the change in FBS level, time did and that themoisime and groups interaction. The multivariatst showed
the greatest significancéfect of treatment on the FBS level compared to ffeceof BD(Fig 1, 2, 3, and 5).
The profiling of the FBS level pattern of thefdrent groups is also expressed and all the graljosvfalmost
the same trend with respect to time on treatmedtadso follow the same pattern for BD that shovesBID has
small éfect on the FBS levdlTable 8). The ARCH-LM Test for residuals of the quadraticdals confirmed
that these models are significantly reliable fomesting the FBS level of the patient’s on treatmamd on BD
and this was different with the trend obtained Aggmpah, Luguterah et al.), may be was due toehgth of
the study period was different.

5. Conclusion

The mean change of FBS level of diabetics was @gitdrirate after taking treatment in gender andgagap.
While for those who take BD, the mean of FBS lesliglhtly decrease with low rate and show that Bl@gloot
have impact on FBS level compared to treatment amdirmed by the standard deviation movements. The
MANOVA test of parallelism showed that gender wasatlel because there was not significaffedence in the
pattern of change of the FBS level. Age groupsnditisignificantly difer at the 5% significance level and hence
their profiles were tested for parallelism and flam& he parallelism tests revealed that the psofilere parallel
and equal but deviated from flatness for treatmeninbt equal and flat for BD. The model fitted @% level

on the treatment indicated that treatment has ipesiffect and also indicted by rate of change BSHevel.
While the fitted model on BD and rate of changadtat] the negative effect. It is therefore indichite the study
that the treatments are improving the conditiofiviig with diabetes for patients but BD has lessitcibution
and indicated that the null hypothesis of the sthdg been rejected. From this rejection, we cantlsay
diabetic’s patients should take treatment rathan tBD, for better more they can take both. Thisaesh did not
cover all related angles due to different condgio®o | encourage other researchers to go beyadsd th

application of profile analysis and use it in diffat areas.
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Tables

Table 5: Descriptive Statistics

Descriptive statistics

treatment Groups Mean Standard deviation
T1 Age 1 263.54 74.031
2 258.52 210.801
T2 1 94.15 18.376
2 91.54 16.190
T3 1 80.46 12.29
2 19.58 10.902
T1 Gender/male 281.11 242.975
female 239.11 68.748
T2 male 93.11 17.921
female 92.00 17.061
T3 male 77.76 11.042
female 81.39 11.396
BD1 Age 1 244.84 66.373
2 250.08 69.835
BD2 1 241.36 62.474
2 251.94 56.491
BD3 1 260.44 74.034
2 276.94 69.776
BD1 Gender/male 273.32 66.588
female 223.39 61.211
BD2 male 263.61 61.016
female 262.45 51.788
BD3 male 292.97 65.865
female 250.05 70.526
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Table 2: MANOVA test using the Hotelling test fargdlel on treatment

Effect  T%value F p-value >F
Age 0.002 0.086 0.918
Gender 0.025 0.899 0.416

Table 3: MANOVA test using the Hotelling test fat &n treatment

Group T*value F P-value
Age 1.074 39.818 0.00
Gender 1.237 45.140 0.00

Table 4: MANOVA test using between-subjects effeatdreatment test using

Group M.S F P-value > F

Age 466.002 0.043 0.837

Gender 23428.318 1.06 0.285

Error 1542029.146

Table 5: MANOVA test using the Hotelling test fargllel on BD

Effect T%Value F P-value > F
Age  0.014 0519 0611
Gender 0.034 1.223 0.4301

Table 6: MANOVA test using the Hotelling test fat én BD

Group T*Value F P- value
Age 0.293 10.401 0.00
Gender 0.293 10.401 0.00

Table 7: MANOVA test using between-subjects eftecBD

Group M.S F P- value > F
Age 6150.453 0.548 0.461
Gender 1041.99 1.049 0.351

Error 1987.537
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Table 8: Average Models

Effect EQUATION R-square F Dfl Df2 P-value Bl B2
treatment Linear 0.691 66.690 1 74 0.00 0.88

Quadratic 0.889* 52.443 1 74 0.00 3.173 0.44
BD linear 0.341 18981 1 74 0.00 -0.93

quadratic 0.711* 8.112 1 74 0.006 -11.05 -0.688
Figures

Figure 1. Profile plot of FBS level by Age groupstoeatment
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Figure 3. Profile plot of FBS by Age on BD

Profile plot of fasting blood sugar level by Age on BD
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Figure 4. Profile plot of FBS by Gender on BD
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