
Correlation and regression analysis

Introduction
	Carrying out a study in the medical field, involves, as seen in previous laboratories, the development of a research protocol. Among other things, it involves identifying variables of interest and establishing the statistical methods needed to test the objectives of the study.
Correlation analysis and regression analysis are some of the most common statistical methods used in studies (scientific articles) in the medical field.



Purpose and utility of the laboratory 
· Explain when it is appropriate to use: 
· linear correlation analysis
· linear regression
· logistic regression
· Acquiring the necessary skills for the critical assessment of studies (scientific articles) in relation to the presented methods 

Linear correlation analysis: purpose, applicability conditions, interpretation of results
Aim:
· Linear correlation analysis is used when the problem of interest is to evaluate the intensity of the linear link / relationship between two quantitative variables. 
Parameters:
· Pearson coefficient of correlation r
· Coefficient of determination d=r2
In this linear relationship analysis
· we have neither dependent variables (result variables) nor independent variables.
· there is no intention to predict the values of one of the variables according to the other.
· the two variables can be interchanged without affecting the value of the correlation coefficient. 

Data types that can be used
· quantitative 
Applicability conditions
· the observations are independent of each other (patients are not related, e.g. twins)
· quantitative variables follow a normal probability distribution
· no extreme values
Interpretation of the linear correlation coefficient (Pearson correlation coefficient)
· As the correlation coefficient approaches 0, the intensity of the linear link between the two variables decreases;
· As the correlation coefficient approaches 1 or -1, the intensity of the linear link between the two variables increases;
· The correlation coefficient can take values between -1 and +1, and its sign means the type of linear link: the sign - indicates indirect linear relationship (negative correlation, when one variable increase the other decrease), while the + sign indicates a direct link (positive correlation, when one variable increase the other increase too).
· Colton Rules [Colton T. Statistics in Medicine. Little Brown and Company, New York, NY 1974]:
· r in [-0.25, +0.25] → No relation
· r in (0.25, +0.50] or in (-0.50, -0.25] → Weak relation
· r in (0.50, +0.75] or in (-0.75, -0.50] → Moderate relation
· r in (0.75, +1] or in [-1, -0,75) → Strong relation
!!!!! If neither of the two variables is normally distributed (or the data cannot be transformed to obtain normal distributions) then the Spearman correlation coefficient is used (which will evaluate the intensity of the monotone relationship between the two variables). Spearman correlation coefficient can be interpreteted with the same Colton rules.
Monotonic relationship means that when one variable increases the other increases too or when one variable increases the other decreases, but not neccesary in a linear relationship.
Linear correlation analysis: Scenario 1
	An analytical, observational, and cross-sectional study was performed in male patients aged 18 to 30 years, diagnosed with idiopathic hypogonadotropic hypogonadism (HHI) in order to investigate the linear relationship between testosterone levels (nmol / L) and osteocalcin level (protein hormone with an important role in bone mineralization, ng / ml).
The study used a consecutive sample of 88 male subjects aged 18-30 years, patients recruited from the outpatient department of the Department of Endocrinology, Diabetes, Nutrition and Metabolic Diseases of a clinic.
Testosterone and osteocalcin levels were determined from each patient's blood sample.
The histogram of each variable was performed and it was observed that both osteocalcin and testosterone were normally distributed.
	
1. Specify the type of data collection (control case / exposed / unexposed / representative sample)
	




2. Specify the name and type of each study variable (dichotomous qualitative, nominal qualitative, ordinal qualitative, continuous quantitative)
	testosterone levels (nmol / L) ...
osteocalcin level (ng / ml) ...




3. Specify the name of the statistical method appropriate to the data in this study
	




Linear correlation analysis: Scenario 2
You want to conduct a cross-sectional observational study to assess the relationship between undercaboxylated osteocalcin (ucOC) (ng/ml) levels and cardiovascular risk factors in adult patients with type 2 diabetes and in healthy subjects.
After a search in PubMed you find an article published on this topic: Sanchez-Enriquez et al [[footnoteRef:1]]. [1:  Sanchez-Enriquez S, Ballesteros-Gonzalez IT, Villafán-Bernal JR, Pascoe-Gonzalez S, Rivera-Leon EA, Bastidas-Ramirez BE, et al. Serum levels of undercarboxylated osteocalcin are related to cardiovascular risk factors in patients with type 2 diabetes mellitus and healthy subjects. World J Diabetes 2017;8(1):11-7. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5237813/] 

A sample of 140 subjects was chosen: 70 patients with type 2 diabetes (T2D) and 70 healthy subjects (HS) who participated in a program for the detection and treatment of congenital and acquired metabolic diseases of a university center.
[image: ]
1. Specify the type of data collection (control case / exposed - unexposed / representative sample)
	




2. Specify the name and type of each study variable (dichotomous qualitative, nominal qualitative, ordinal qualitative, continuous quantitative) - see table 3 in the Results section [1]
	BMI(kg/m2) ...
Body fat (%)
SBP (mmHg)
DBP (mmHg)
FPG (mg/dL)
HDL-c (mg/dL)




3. Specify the name of the statistical method appropriate to the data in this study
	



4. Choose the correct interpretation of coeficient of correlation between DBP and ucOC r=0.450, p=0.003
	a. Weak positive relation
b. Moderate positive relation
c. Strong positive relation
d. No relation



4. Choose the correct interpretations of p assosiated with the coeficient of correlation between DBP and ucOC r=0.450, p=0.003
a. there is a statistically significant corelation between DBP and ucOC in population 
b. there is not a statistically significant corelation between DBP and ucOC in population
c. there is a statistically significant corelation between DBP and ucOC in the sample
d. there is not a statistically significant corelation between DBP and ucOC in the sample
e. if we repeat the study we have more than 95% chances to found an r=0.45 or near. 

Linear correlation analysis: Scenario 3
You want to do a study to see if there is a relationship between the level of leptin (a substance synthesized by adipocytes) and body mass index (BMI). 
After a search in PubMed you find an article published on this topic: Bahathiq et al [[footnoteRef:2]]. [2:  Bahathiq AO. Relationship of Leptin Hormones with Body Mass Index and Waist Circumference in Saudi Female Population of the Makkah Community. Open Obes J. 2010;2:95-100. https://benthamopen.com/contents/pdf/TOOBESJ/TOOBESJ-2-95.pdf ] 

The study was conducted on a sample of 240 women aged between 18 and 65 years. These were divided into three groups according to the value of the body mass index (BMI): a control group (n1 = 80, 18≤IMC≤29.99), a group with obesity (n2 = 80, BMI≥30) and a group with diabetes and obesity (n3 = 80). Leptin levels were measured from each patient's blood sample.
The variables of interest were: BMI (kg / m2), leptin (ng / ml).

1. Specify the name and type of each variable of interest (dichotomous qualitative, nominal qualitative, ordinal qualitative, continuous quantitative)
	BMI (kg / m2)... 
leptin (ng / ml)



2. In the Statistical Analysis section of the article 
https://benthamopen.com/contents/pdf/TOOBESJ/TOOBESJ-2-95.pdf:
[image: ]
Specify an aspect that makes you question the correctness of the statistical method applied in this study:
	




3. In the article you will find the following paragraph accompanying Figure 2: “In Obese Subjects Leptin concentrations were directly associated with Body Mass Index and demonstrated a strong positive relationship (r = 0.350, p = 0.001) (See Fig. 2).” [2]
[image: ][2]

Specify the following aspects:
a. According to you which is the range with the most BMI values? 30-35, 35-40, 40-45 or> 45?
	




b. What is the approximate average BMI as can be seen from the graph?
	



c. Do you assess whether BMI has a normal distribution?
	



d. Do you consider BMI to have extreme values?
	




6. Conclusion: (concerning the correctness of the method applied. Justify the answer)
	




Correlation analysis: Scenario 4
Once you get suspicions about the correctness of the analysis made in the previous article, you decide to find an article that comes from a better rated journal. You find: Elhafeez et al [[footnoteRef:3]]. Recognized Springer Publishing House recommends this article, however the journal is not ISI indexed.  [3:  Elhafeez MA, Zamzam DA, Fouad MM, Elkhawas HM,  Rahman HA. Serum leptin and body mass index in a sample of Egyptian multiple sclerosis patients. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery. 2020;56(107). 
https://ejnpn.springeropen.com/articles/10.1186/s41983-020-00239-3 ] 

In this study, 169 consecutive patients with multiple sclerosis and a control group of 50 subjects were selected. Patients were evaluated and a blood sample was taken from which leptin was determined.
In the "Statistical methods" chapter of the article, a statistical method used for correlation analysis draws your attention: the Sperman correlation coefficient. „The correlation analysis (using Spearman’s method) was used to assess the strength of association between two quantitative variables. The correlation coefficient denoted symbolically “rho” defines the strength and direction of the linear relationship between two variables. ” [3]

1. Point out the inaccuracy between this statement and what you know from theory:
	




2. Although you have found an inaccuracy, you decide to continue reading, the statistical method applied is still good. Find Table 4 and the associated text: "There were no significant correlations between serum leptin level and age of the patient, age at onset of disease, duration of illness, BMI, or EDSS score (Table 4)." [3]
[image: ][3]
Interpret the Sperman correlation coefficient ρ = -0.058, p = 0.454 between leptin and BMI.
	





Linear regression analysis: purpose, applicability conditions, interpretation of results
Purpose :
· identifies the shape and direction of the linear relationship between one or more explanatory variables (independent variables / predictors) and a dependent variable (result variable / response variable) of quantitative type
· allows us to estimate the effects of several independent variables on a dependent variable: 
· to test hypotheses about predictive factors 
· to produce / create / develop a predictive model.

Data types that can be used:
Dependent variable Y
· quantitative
Independent variable X1, X2,…., Xk
· quantitative
· qualitative 
· dichotomous
· ordinal 
· nominal

Applicability conditions
· the observations are independent of each other (subjects are not related)
· The relationship between each predictor and the dependent variable is linear
· Residues (differences between observed and estimated values) follow a normal distribution of average 0.
· Residues have the same variability (constant variance). 

Evaluation of the performance (fit to data) of the linear model:
· it is done by calculating the adjusted coefficient R2 (usually expressed as a percentage), which represents the percentage of the variability of Y that can be explained by its linear relationship with the variables X1, X2,…., Xk. The coefficient R2 is adjusted so as to allow the comparison of models with different numbers of predictors.
· Significance of the Fisher test (F-test) with the null hypothesis H0: 
· Student-t tests for each partial regression coefficient H0:b1=0, H0:b2=0,…., H0:bk=0: it is relevant if we want to determine if the dependent variable depends linearly on a certain independent variable while controlling the effects of the other predictors (covariates).

Interpretation of the coefficients of the linear model
Consider a sample of size n and measure the value of each of the variables X1, X2,…., Xk and Y for each subject included in the sample.
The linear regression model involves testing a shape model:

Where 
·  is the expected / theoretical (that can be linear modelated from X1, X2,…., Xk) value of the variable of the variable Y (e.g. its average) for certain values ​​of the variables X1, X2,…., Xk and is called the estimated / predicted / adjusted value of the variable Y
· X1, X2,…., Xk are independent variables
· b0 represents the free term (model constant) and is the estimated value of the variable Y when the predictor (s) take the value 0
· b1,…, bk are partial regression coefficients which are interpreted as follows:
· if the predictor variable (Xi) is continuous quantitative: the regression coefficient (bi) shows how many units of measure y changes (on average) when Xi changes by 1 unit after adjusting for the other predictors (or in other words, is the difference in the mean of Y comparing two subpopulations / subgroups that differ in Xi by 1 unit while keeping constant the values ​​of the other predictors in the model)
· if the predictor variable (Xi) is dichotomous: the regression coefficient (bi) represents the difference in the mean value of the variable Y between the two groups defined by the predictor categories while keeping constant the values ​​of the other predictors in the model
· if the predictor variable (Xi) is nominal with p categories: p-1 partial regression coefficients will be obtained, each representing the difference in the mean value of the variable Y for a certain category versus the reference category while keeping the values ​​of the other predictors in the model constant
!!! The simplified case of evaluating the contribution of a single predictor to the variability of a dependent variable is known as univariate regression analysis. Otherwise, a multivariate regression analysis will be performed to evaluate the contribution of a set of predictors.










Linear regression analysis: Scenario 5
You are dissatisfied with the result of the previous article. You also want to find an article where possible confounding / confusion factors such as the age, BMI are controlled (the analysis keep constant the values of these possible factors). Look no further and find: Mahabir et al [[footnoteRef:4]]. Recognized BMC Publishing House recommends this article. The journal's impact factor 3,359 is quite high (Q2 in Nutrition and Dietetics, ranking 39 out of 89) and assures you that the research is a qualitative one. You expect a multivariate regression analysis that is statistically superior to a univariate regression analysis or correlation analysis. [4:  Mahabir S, Baer D, Johnson LL, Roth M, Campbell W, Clevidence B et al. Body Mass Index, percent body fat, and regional body fat distribution in relation to leptin concentrations in healthy, non-smoking postmenopausal women in a feeding study. Nutr J. 2007;6(3). https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-6-3] 

In this study, 51 menopausal patients were selected. These were the control group in a trial with a controlled diet for 8 weeks (they ate only food provided by the research center). They were evaluated two times initially and at the end of the study. Blood sample were taken each time.
The chapter "Statistical methods" of the article mentions:
„Serum leptin concentrations were log transformed using the natural log. Linear regression models estimated percent changes in serum leptin concentrations per one-unit change in BMI, modeled as continuous variable. All models included age (continuous), parity (continuous), race (example, African American, yes / no), age of menarche (less than 12, yes / no), and family history of breast cancer (mother or full sister with breast cancer, yes / no). Multiple R2 and F-tests were calculated from the linear regression models.”[4]

1. Specify why do you think that leptin was transformed by logarithm:
	



2. Find Table 3 and the associated text: “Table 3 shows how much serum leptin concentration changed for a one-unit increase in BMI. For model 1 (adjusted for age, race, family history of breast cancer, parity, and menarche <12 years), we found statistically significant increases in serum leptin concentrations for all five measures of adiposity. Leptin increased 10.7% (95% CI = 8.2% –13.2%) for each one-unit increase in BMI.” [4]
[image: ]
[image: ][4]
	a.  Specify how R2 = 0.68 is interpreted in case of leptin dependence on BMI:
	




b. How to interpret the 95% confidence interval: 8.2-13.2?
	




c. Specify what in the meaning of „the model has been adjusted for by age, race, etc.” Interpret the result from this point of view:
	




d. Specify the relationship between the coefficient 10.65 and the coefficients of the multivariate regression equation:
	



Optional

Logistic regression analysis: purpose, applicability conditions, interpretation of results
Purpose:
· allows us to estimate the effects of several independent variables on a dichotomous type dependent variable, either to test hypotheses about predictive factors or to produce / develop / create a predictive model
· determining the probability that a subject with a certain covariate structure (with a certain combination of values ​​for the independent variables) will have a certain event of interest (e.g. the presence of a disease);
where covariate variables - any measurable independent variable that is associated with the dependent variable in a regression model.

Data types that can be used:
Dependent variable
• dichotomous / nominal / ordinal quality
Dependent variable
• quantitative
• qualitative dichotomous
• ordinal qualitative
• nominal quality

Applicability conditions
• the observations are independent of each other
• The relationship between each continuous predictor and the dependent variable is linear on the logit scale.

Evaluation of the performance (adequacy to data) of the logistics model:
· The insignificance of the Hosmer – Lemeshow test having as null hypothesis H0: The tested model is adequate for the data.
· The area under the ROC curve provides a measure of how well the factors included in the model predict the event of interest; it is also called the "concordance index" or "c index" (where c = 1 indicates a perfect prediction, c> 0.8 indicates a "good" predictive ability while c = 0.5 indicates a random prediction).
· Calculation of the coefficients McFadden R2, Cox-Snell R2, Nagelkerke / Cragg & Uhler’s R2


Interpretation of the coefficients of the logistics model
Consider a sample of size n and measure the value of each of the variables X1, X2,…, Xk and Y for each subject included in the sample.
The binomial logistics regression model uses a logarithmic transformation to model a linear relationship of the form:


where
· p represents the probability that a subject with a set of values of independent variables has the event of interest (e.g/ disease or other outcome pursued)
· X1, X2,…, Xk are independent variables

· b0 represents the free term (model constant)
· b1,…, bk are partial regression coefficients that when transformed from the logarithmic scale to the natural scale become ORs (odds ratio), so the exponential of a logistic regression coefficient is the ratio of chances (OR) to increase by 1 unit of the value of the independent variable after adjusting for the other predictors and is interpreted as follows:
· if the predictor variable (Xi) is dichotomous: 
· , the groups being determined by the 2 categories of the predictor (if bi> 0 then >1, otherwise if bi <0 then OR <1).
· if the predictor variable (Xi) is nominal with p categories: p-1 ORs will be obtained, each of them being the ratio between the chance of the event of interest to a certain group related to the chance of the event on the reference group; the groups being determined by the p categories of the predictor;
· if the predictor variable (Xi) is quantitative continuous: OR represents the change in the odds of the event of interest when Xi changes by 1 unit after adjusting for the other predictors (e.g. an increase by 2 units of the predictor will be associated with an OR = OR × OR = OR2 and not 2 × OR). 


Logistic regression analysis: Scenario 6
	You want to evaluate the relationship between certain factors and the onset of diabetes after a kidney transplant. You are wondering which statistical method is appropriate for your data.
You conduct an analytical study. For all subjects who underwent kidney transplantation, evaluate the characteristics of interest and evaluate the occurrence of diabetes after transplantation.
The variables of interest are: independent variables: living donor (yes / no), pre-transplant serum creatine level, age of the transplanted patient; the weight of the transplanted patient; dependent variable: presence of renal posttransplant diabetes.
You gathered a total of 134 subjects.

A. Specify the type of data collection (control case / exposed / unexposed / representative sample)
	




B. Specify the name and type of each study variable (dichotomous qualitative, nominal qualitative, ordinal qualitative, continuous quantitative)
	living donor (yes / no), 
pre-transplant serum creatine level (mg/dl) 
age of the transplanted patient (years) 
the weight of the transplanted patient (kg) 
presence/absences of renal posttransplant diabetes




C. Specify the name of the statistical method appropriate to your data: 
	





Logistic regression analysis: Scenario 7
	You want to evaluate the relationship between the genetic polymorphism of adiponectin and the occurrence of post-kidney diabetes (PTDM). The univariate study showed that patients with the GG genotype are more prone to PTDM than those with the T allele (GT and TT). You look in the literature for a similar study to find the factors you should control by multivariate analysis so that you can conclude that there is an association between the genetic polymorphism of adiponectin and the onset of post-kidney diabetes.

You found a published retrospective study. The study was done on a sample of 633 patients who had a kidney transplant. 26% developed PTDM within 1 year after transplantation: Cai et al [[footnoteRef:5]] [5:  Cai R, Wu M, Xing Y. Pretransplant metabolic syndrome and its components predict post-transplantation diabetes mellitus in Chinese patients receiving a first renal transplant. Ther Clin Risk Manag. 2019 Mar 14;15:497-503. doi: 10.2147/TCRM.S190185. PMID: 30936711; PMCID: PMC6422405. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6422405/] 


The authors state: “To find the potential pre-transplant risk factors for PTDM, we first performed a univariate analysis to assess the association of individual variables with the development of PTDM. Variables with a p value <0.1 were selected for further analysis using multivariate logistic regression to assess whether the relationship persisted. ”[5]

In the article you will find the following table and the text that describes it:

“To address the potential pretransplant risk factors of PTDM, we first conducted univariate logistic regression analyzes (with unadjusted OR) for all the collected variables. The analyzes showed that the following variables were associated with higher risk of PTDM (P> 0.1): older age (OR 1.07, 95% CI 1.02–1.12, P = 0.013), family history of DM (OR 2.46, 95% CI 1.05 –5.74, P = 0.038), and presence of metabolic syndrome (OR 3.50, 95% CI 1.53–8.25, P = 0.011) as well as its components of FPG> 5.6 mmol / L (OR 2.93, 95% CI 1.28–6.71 , P = 0.011), HDL <0.9 mmol / L (men), <1.0 mmol / L (women) (OR 2.74, 95% CI 1.02–7.32, P = 0.045), TG> 1.7 mmol / L (OR 2.17, 95% CI 0.92–5.12, P = 0.077), and BMI> 28 kg / m2 (OR 3.92, 95% CI 0.99–15.53, P = 0.052). Next, multivariable logistic regression analysis adjusted for age and family history of DM showed that the presence of metabolic syndrome (adjusted OR 1.28, 95% CI 1.04–1.51, P = 0.038) was an independent predictor of development of PTDM. A separate multivariable logistic regression analysis incorporating the five metabolic syndrome components, as well as age and family history of DM, showed that both FPG> 5.6 mmol / L (adjusted OR 1.72, 95% CI 1.14–2.29, P = 0.027) and BMI > 28 kg / m2 (adjusted OR 1.59, 95% CI 1.10–1.92, P = 0.036) were also independent pretransplant risk factors (Table 2). ”[5]

[image: ][5]
1. Specify the univariate statistical method used to calculate the OR and the 95% confidence interval:
	




2. Specify the multivariate statistical method used to calculate the OR and the 95% confidence interval:
	





3. Specify the variables that significantly influence PTDM according to the univariate logistic  regression analysis:
	





4. Interpret OR = 3.50 (1.53-8.25) according to the metabolic syndrome variable:
	





5. Specify what it means that the metabolic syndrome variable has a second OR (adjusted OR) in the column corresponding to the multivariate logistic regression analysis. Which of these should be considered:
	





6. Interpret OR = 2.46 (1.05-5.74) according to the family history of diabetes:
	





7. Specify what it means that the variable family history of diabetes has nothing filled in the column corresponding to the multivariate analysis:
	





8. Interpret OR = 3.92 (0.99-15.53) according to BMI> 28kg / m2
	





9. Interpret OR = 1.59 (1.10-1.92) according to BMI> 28kg / m2
	





10. How do you explain that the BMI factor> 28kg / m2 was not statistically significant in the univariate analysis, but was significant in the multivariate regression analysis? Specify.
	





11. Specify the variables that significantly influence the odds of PTDM according to the multivariate regression analysis:
	





12. Specify which factors were included in the multivariate regression analysis to determine the adjusted OR:
	





Laboratory Conclusions: Today's paper helps you
· in the analysis of data for the thesis or for other scientific papers
· to the critical appreciation and interpretation of the studies (articles) you read
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"This study was submitted and approved by the University
of Umm-Alqura Institutional Review Board, and all subjects
signed an informed consent form.

Leptin hormone concentrations were analysed using
Human leptin ELISA kit from Linco Research (6 Park Drive.
St. Charles, Missouri 63304 USA). The analysis of Leptin
was carried out by using DSX Automated ELISA System
from (DYNEX Technologies Inc).

"BMI and WC" were measured as an anthropometric
measurement.

Subjects

A total of 240 women aged 18-65 participated in this
study. They were divided into three groups; (see below).
After giving informed consent each participant completed &
confidential. The study was carried out at Umm AL-Qura
University, AL-Noor Specialist Hospital (Diabetic Centre)
and King Abdul-Aziz Hospital (AL-Zaher). All blood
analyses were carried out in the University Physiology
Department and Professor Sultan research laboratory at
Umm AL-Qura University.

First - control group (nonobese): 80 volunteers were
recruited in this group, which had a BMI ranging from 18 to
29.99.

Second - obese group: 80 volunteers were recruited in this
‘group. Their BMIs were > 30.

First and Second Groups Met the Following Criteria:

1) Not on any diet or use any medication which can interfere
with the result,

2) Not performing any physical activity, which may interfere
With the resul,

‘Third - diabetic obese group: 80 volunteers were recruited to
this group. Their BMI were > 30.

Anthropometric Measurements

BMI was calculated as ke/m’, Height was measured
using a Harpenden anthropometer (Holtain, Ltd, Crymyeh,
UK) to the nearest centimeter. Weight was measured using
Scale-tronix scale (Sharp Corp, Wheaton, IL,model 695,
weighing to 364 kg) to the nearest 0.1 kg, Subjects were
divided into five categories of BMI [2]. The categories were
as follows: normal weight, <25; overweight, 25 to 29.9;
obese I, 30 to 34.9; obese I1, 35 10 39.9; severely obese, >40.
No subjects had a BMI <I8.5. Waist circumference was

=] IMDb - Movi

chased from the Millipore Corporation Research Inc
(StCharles, MO, USA) and were used to test hormone levels
at Professor Sultan research laboratory.

Statistical Analysis

Descriptive statistical analyses were performed using
SS software (version 11.5, 2002). Pearson correlation
coefficients were used to determine the relationship of BMI,
waist circumference with leptin concentrations in these
subjects groups (nonobese, abese and obese diabetic), while
correlation was defined as a measure of the sirength of a
linear relationship between two variables. The statistical
measure of linear association is known as the corrclation
coefficient, denoted by the symbol r, and measures how
close the points e to a siraight line. Its value always lies
between 1 and +1. The value +1 indicates a perfect positive
relationship between the two variables and the value —1
indicates a perfect negative relationship. In addition, p-value
i the probability of getting the observed differenc, or one
even more extreme, in the sample purely by chance from a
population, where the true difference is zero. If the p-value is
greater than 0.05 then, by convention, we conclude that the
observed difference could have occurred by chance and there
i no stafistically significant evidence (at the 5% level) for a
difference between the groups in the population.

RESULT

‘The study samples were 240 women between 17 and 65
years old, with a mean age of 32.7+13.75 years, height 1.54
£6.3m, and weight 74.9 17.5kg (See Table 1).

Leptin Concentration

Mean of leptin concentrations in all three groups were
found to be 8.4 ng/ml (+1.4) in nonobese, 56.3 (+18.8) in
obese and 42 (+19.3) in the disbetic obese group (See Table
.

BMI and Weight
BMI was directly associated with weight and showed a

strong positive relation (= 0.935, P =0.000).

BMI and Waist Circumference

BMI was dircetly associated with waist circumference
and demonstrated a strong positive relation (+ = 0.840, P =
0.000) (See Fig 1).
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Cerinte:
1. Precizati numele fieciirei variabile in parte in dreptul tipului acesteia:
— calitativd dicotomiala:
— calitativi nominala:
Obesity and Saudi Female in Makkah City The Open Obesity Journal, 2010, Volume 2 97 _  calitativi ordonati:
Table1l. Summary of Characteristic Feature of all Volunteers . .cantftanvé cont{m{é: .
in all Groups such as Age, BMI, WC, Weight, - 2. Cititi capitolul: “Statistical Analysis
Height and Leptin Concentration Pearson correlation coefficients were used to determine the relationship of BMI with leptin concentrations in these
subjects groups (nonobese, obese and obese diabetic), while correlation was defined as a measure of the strength of
Character Obese a linear relationship between two variables. The statistical measure of linear association is known as the correlation
Normal Obese Diabetic . coefficient, denoted by the symbol r, and measures how close the points lie to a straight line. Its value always lies
> between —1 and +1. The value +1 indicates a perfect positive relationship between the two variables and the value
Age 18-38 18-55 20-58 -1 indicates a perfect negative relationship. In addition, p-value is the probability of getting the observed
18-29.9 30-53 30-53.6 difference, or one even more extreme, in the sample purely by chance from a population, where the true difference
Wo 0100 PRV 90-192 is zero. If the p-value is greater than 0.05 then, by convention, we conclude that the observed difference could have
occurred by chance and there is no statistically significant evidence (at the 5% level) for a difference between the
Age (years) 20.1£23 31.4x12.1 46.6£7.9 groups in the population.”
Height (m) 1.55+6.4 1.556+6.4 1.529+6.00 a. Precizati numele metodei statistice folosite in articol:
Weight (Kg) 55.61x7.9 86.5x13.7 827102 Fig. (2). Correlation between leptin concentration and BMI in obese NN « s s . o . I
subjects. b. Precizati un aspect care vi face sii vi puneti semne de intrebare cu privire la corectitudinea
BMI 227226 35.745.2 354243 ) metodei statistice aplicate in acest studiu:
WC (cm) 72975 101.6x12 106.6+12.4 100
8414 5632188 122193 3. In articol gasiti urmatorul paragraf ce insoteste figura 2:
Leptin
Concentration : 1099 99.60 97.21 Ai strans un total de 46 de subiecti.
(ng/mL) ) L (ST .
512 821 1271 Precizati numele metodei statistice adecvate datelor dumneavoastri:
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Table 4 Correlations between serum leptin level and the clinical
characteristics of the patients

From: Serum leptin and body mass index in a sample of Egyptian multiple sclerosis patients

Variable Serum leptin level
R P
Age -0141 0.068
Age at onset of disease -0.142 0.066
Duration of iliness - 0.065 0.403
Weight -0.070 0.367
Height -0.076 0.327
BMI -0.058 0.454
EDSS 0.060 0.436
Activate Windows
Support and Contact Terms and conditions s

Jobs Privacy statement
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Table 3 Associations of BMI, percent body fat, central fat (trunk fat), peripheral fat,
and lean mass with serum leptin concentrations

From: Body Mass Index, percent body, fat, and regional body, fat distribution in relation to leptin concentrations in healthy, non-smoking postmenopausal

women in a feeding study

Leptin, ng/mL
A (95% C.l) P-value Multiple R?
BMI
Model 1 1065 (8.16-13.19) <0.0001 068
Model 2
9% Fat
Model 1 7.77 (6.56-8.98) <0.0001 082
Model 2 7.20 (472-9.75) <0.0001 082
Central fat
Model 1 11.93 (9.72-14.18) <0.0001 077
Model 2 11.58 (5.87-17.61) 00002 077
Peripheral fat
Model 1 1055 (833-12.81) <0.0001 072
Model 2 7.98 (2.13-14.16) 001 073
Lean mass
Model 1 861 (3.76-13.68) 0001 031

Model 2 -0.85 (-4.81-3.25) 0.68 0.68
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women in a feeding study
Leptin, ng/mL
A (95% C.1) P-value Multiple R?
BMI
Model 1 1065 (8.16-13.19) < 00001 068
Model 2
% Fat
Model 1 7.77 (6.56-8.98) < 00001 0.82
Model 2 7.20 (4.72-9.75) < 00001 0.82
Central fat
Model 1 11.93 (9.72-14.18) < 00001 077
Model 2 11.58 (5.87-17.61) 0.0002 077
Peripheral fat
Model 1 10,55 (833-12.81) < 00001 072
Model 2 798 (2.13-14.16) 001 073
Lean mass
Model 1 861 (3.76-13.68) 0.001 031
Model 2 -0.85 (-4.81-3.25) 068 068

A - Percent change for serum leptin concentration for a one-unit change in each of the adiposity measures (i.e., percent change in leptin concentration per
one-unit change in BMI, per 1% increase in total body fat, per 1 kg increase in central and peripheral fat and lean mass).

Model 1: Adjusted for age, race, family history of breast cancer, parity and menarche < 12 years

Model 2: Model 1 + BMI

Rarl $n artirla nama >




image7.png
§ Tandafiiurcatori | X | @ MouroviahiisauVia X | @ MoritorulCij | Ziw X | 6 @737 umead)-co: X | B Google Transhote X | @) 20+) Messenger|F X | @ Contents X | @ Lab13-Alegerearn X | @l htps//wwinour X | &3 Pretransplantmete X |+ -

& > C Y @ ncbinim.nihgov/pmc/articles/PMC6422405/ Qx R G [}

B IMDb - Movies, TV.. €3 Interactive Sttistic.. (8 Sci-Hubsremoving... » | [0 Other bookmarks

Apps B Google Translate @ Google Maps [B) Home-PubMed-.. 5 Yahoo - login [ Facebook ® Google Scholar [ Cluj-Napoca, Roma.. €8 YouTube [ Westher Europe, Sa..
1amuly hustory of M showed that presence of metabolc syndfome (adjusted UK 125, ¥3% CI LUs=L31, =
P=0.038) was an independent predictor of development of PTDM. A separate multivariable logistic

regression analysis incorporating the five metabolic syndrome components, as well as age and family

history of DM, showed that both FPG 5.6 mmol/L (adjusted OR 1.72, 95% CI 1.14-2.20, P=0.027) and

BMI >28 ke/m? (adjusted OR 150, 95% CI 1.10-1.92, P=0.036) were also independent pretransplant risk

factors (Table 2).

Table 2

Univariate and multivariable logistic regression analyses for prediction of risk factors of PTDM

Variables Unadjusted OR 5% | - | Adjusted OR(95% | P-

=) value | CT) value

Beuei iy Ui J2uL

Ageby year 107(102-1.12) 0013
Female gender 102(047-2.20) 0967
Smoking 117054259 0691
Family history of DM 246(105-5.74) 0038
Hemodialysis 122(089-2.00) 0521
HBV positive 137(060-3.14) 0453
HOV positive 092(031-276) 0885
Antibypertensive medication 163 051-5.2) 0413
Statin medication 111042294 0585
Metabolic syndrome 350 (1.53-825) 0011 | 128104151 0038
FPG>5.6 mmolL. 293(128-6.71) 0011 | 172(114229) 0027
HDL <09 mmol T (men), <1 0mmoll | 274 (1.02-732) 0045
(women)
TG>1.7 mmolL 217092-5.12) 0077
BMI=28kgm® 392(0.99-15.53) 0052 | 1.59(1.10-1.9) 0036
SBP >130 mmHg or DBP >85 muHg 217(0.64-734) 265

Beue iy Ui J2uL

Abbreviations: DM, iabetes mellts; FPG, fsting plasa glucose; HBY, hepatits B virus; HCV, hepatts Cvirus,
HDLC, high-density ipoproten choleterol PTDM, post.transplanation disbetes mellitu; TG, tiglycerides.

Cox proportional hazards model for prediction of pretransplant risk factors of PTDM

‘We next conducted survival analysis using a Cox proportional hazards model. By univariate analyses, we
identified similar variables (as also identified through logistic regression analyses) associated with higher

risk of PTDM: older age (OR 1.06, 95% C1 1.02-1.09, P=0.012), family history of DM (OR 2.07, 95% CI

1.04-4.10, P=0.038), and presence of metabolic syndrome (OR 3.35, 95% CI 1.69-7.25, P=0.006) as well

as its components of FPG >5.6 mmol'L (OR 2.60, 95% CI 133-5.08, P=0.005), HDL <0.9 mmol'L (men),

<1.0 mmolL (women) (OR 2.45, 95% CI 1.15-5.25, P=0.021), TG >1.7 mmol L (OR 2.08, 95% CI 1.03— 3

Beue iy Ui J2uL
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positive correlation between serum levels of ucOC and systolic pressure was observed (Table 3).
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Table 3

Correlation between serum levels of undercaboxylated osteocalcin and cardiovascular risk factors

4c0C concentration (ag/mL)

Variable  Whole population (=140) T2D(1=T0  HS(n=70)

r Pralue r Puale ¢ Puale

S9lqeQ [ PROM

BMIGgmD) 0236 003 0310 0046 -0166 0244
Body £t (%) -0201 0054 0311 0048 -0126 0379
SBPGumHp) 0083 0431 0018 0908 0277 0049
DBP(umHp 0155 0137 0450 003 0200 0141
FPG (mgdl) 0283 0006 028 0070 0110 0443
HDL.c(mgdl) 0255 0036 0117 0655 -009 0503
LDLcHDLe 0306 0015 0102 0697 028 0054
TCHDL-c 0284 0019 0158 054 021 0120

Correlations were determined using Pearson correlation coeficients. T2D: Patients with type 2 disbetes mellitus; HS:
‘Healthy subjects; BMI: Body mass index; SBP: Systolic blood pressure; DEP: Disstolc blood pressure; FPG: Fasting
plasma ghucose; HDL-c: Cholesterol bound to high-density lipoprotein; LDL-HDL-c: Cholesterol bound to low
density lipoproteinHDL -¢ ratio; TC/HDL-c: Total cholesterol HDL-c rato; ucOC: Undercaboxylated osteocalcin.

S9lqe]  POM

ucOC by DBP and $BP quartiles in T2D

Because of the strong correlation found between DBP and ucOC in T2D patients, participants were
classified by DBP quartiles, and then ucOC serum levels were compared between quartiles. Also patients
were classified according to ucOC quartiles and DBP was analyzed in each ucOC quartile. The ucOC
serum levels were higher in T2D patients with DBP in Q4 than in Q1 (P < 0.05, Figure 1A). Additionally,
DBP was higher in patients with ucOC in Q4 than those with ucOC in Q1 (P = 0.05, Figure 1B).
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