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Abstract

Researchers often want to identify and explore the relationships between multiple risk factors and 
an outcome of interests.  This kind of research requires multiple regression analysis, due to the 
multiple risk factors of interests. Stepwise regression is a strategy commonly used in selecting 
multiple risk factors in a multivariable analysis.  Unfortunately, it can lead to inadequate use of 
information and sometimes offers little in terms of the implications of interventions.  In reality, 
different analysis strategies, using various plausible frameworks, are required for such research.  
Researchers need to consider the effects of potential confounders and the relationships between 
risk factors themselves in the multivariable analysis.  This can help to disentangle the mechanisms 
by which these risk factors associate with the outcome of interests, and provide interpretable and 
meaningful results that help to inform for an evidence-based policy and interventions. Chiang Mai 
Medical Journal 2013;52(1-2):23-31.

Keywords: multivariable analysis, stepwise regression, risk factors and chronic kidney disease

Introduction
Researchers often want to identify and explore 

the relationships between multiple risk factors 
and a particular outcome (or disease) of interests.  
This type of study is called explanatory research.  
It is formally defi ned as “ A study…whose main 
objective is to explain… a situation by isolating 
effects of specifi c variables (risk factors) and 
understand the mechanisms of action”[1], and it 
requires two key steps.  The fi rst step estimates 
the crude association of each specifi c risk factor 
with the outcome.  The second one understands 

the mechanisms of actions. Understanding of 
the mechanism requires inter-relationship 1) 
between the multiple risk factors themselves 
and 2) between the multiple risk factors and an 
outcome.  When there are many risk factors to 
consider, a key analytical decision must be made 
on how to consider them together with respect 
to the outcome of interests.  A common strate-
gy found in much medical literature of this sort 
is use of the stepwise approach [2-4], which is 
based purely on strength of statistical associa-
tion; the p-value [5].  For outcomes from which 
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risk factors are already known, the stepwise 
approach can lead to misleading conclusions and 
could offer little in terms of public health impact 
[6].  

This paper considered the rationale for 
different strategies in multivariable analysis for 
exploratory research.  The fi rst strategy formed 
the framework for isolating the crude associa-
tion of each risk factor with the outcome.  Sub-
sequent strategies for the analysis concerned 
four different frameworks, which accounted 
for the inter-relationship between risk factors, 
by carefully considering those that were poten-
tial confounders, and the temporal relationship 
in how these risk factors could be related. This 
paper also examined the interpretation and im-
plications of the results under different strategies 
for multivariable analysis. Finally, it compared 
different strategies to the stepwise approach 
in order to highlight limitations of the latter in 
exploratory research.  

This paper presents data from the Maharaj 
Nakorn Chiang Mai Health Personnel Survey, 
which was conducted in 2008. Identifi cation 
and explanation of the risk factors associated 
with chronic kidney disease (CKD) in the study 
population was a later objective of the survey 
(Research ID 991/Study code FAM-12-991-EX, 
funded by the Faculty of Medicine, Chiang Mai 
University).  For simplicity, this paper restricted 
the number of interesting risk factors to nine: 
age, gender, current smoking, current alcohol 
consumption, body mass index (BMI), systolic 
blood pressure (SBP), fasting blood glucose, 
total cholesterol (TC) and uric acid level. 

The dataset and variable defi nition
A health survey of personnel at Chiang Mai 

University (CMU) Hospital was conducted in 
2008 in order to collect data on self-reported risk 
factors and prevalence of common diseases such 
as hypertension and diabetes [7].  Additional labo-
ratory investigations were offered to those at high 
risk of developing chronic diseases.  The dataset 
of this paper consisted of 2,483 participants, 

with complete medical records for diagnos-
ing CKD, in accordance with National Kidney 
Foundation Kidney Disease Outcome Quality 
Initiative guidelines [8].  Estimations of glomer-
ular infi ltration rates were calculated using the 
modifi ed Jaffe method [9].  CKD staging was as 
follows: stage I and II were defi ned as GFR >90 
and 60–89 mL/min/1.73 m2, respectively, with a 
hematuria and/or an albumin–creatinine ratio of 
30 mg/g or greater.  Stage III, IV and V were 
defi ned as GFR 30-59, 15-29 and <15 mL/min/1.73 
m2, respectively, regardless of kidney damage.

This paper provided information on the nine 
risk factors mentioned above.  Six of them: age, 
BMI, systolic blood pressure, fasting blood glu-
cose, total cholesterol and uric acid level, were 
each entered as a continuous variable. Gender, 
current smoking, current alcohol consumption as 
well as the presence of CKD (any stage) were 
entered as binary variables.  Multiple logistic 
regression analysis was used to identify associa-
tion between the nine risk factors and CKD.  All 
analyses were performed using STATA 12.

Characteristics of the study population

The mean age (SD) of the participants was 
42.5 (8.4) years old, with females making up the 
majority (73%).  The risk factors stratifi ed by 
gender are shown in Table 1.  In general, males 
had higher risks than females.  Men smoked and 
drank more than females and their mean systolic 
blood pressure, fasting blood sugar, total choles-
terol and uric acid level were higher.  Characteris-
tics of the study population by CKD status are 
presented in Table 2. 

1.  Modeling strategy for univariable anal-
ysis:  To isolate the crude effect of each risk 
factor.  The aim of this strategy was to estimate 
the crude association between each of the nine 
risk factors of interest with outcome, which is 
CKD.  The results suggested that all risk factors, 
except current smoking, were associated with 
CKD (Table 3).  Interestingly, current smoking 
and current alcohol consumption seem to be as-
sociated with reduce risks of CKD.  The frame-
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Table 1. Characteristics of the study population

Characteristics Male 
(n=668)

Female 
(n=1,815)

Total 
(n=2,483)

Mean age in years (SD) 43.2 (8.2) 42.2 (8.5) 42.5 (8.4)
Number of current smokers (%) 131 (19.6) 3 (0.2) 134 (5.4)
Number of current alcohol drinkers (%) 470 (70.4) 327 (18.0) 707 (32.1)
Mean BMI in kg/m2 (SD) 24.3 (3.1) 22.4 (3.3) 23.0 (3.4)
Mean systolic blood pressure in mmHg (SD) 123.5 (13.6) 113.5 (12.0) 116.2 (13.2)
Mean fasting blood sugar level in mg/dL (SD) 95.9 (32.5) 87.4 (14.6) 89.8 (21.6)
Mean total cholesterol level in mg/dL (SD) 223.7 (47.6) 217.9 (39.2) 219.5 (41.8)
Mean uric acid level in mg/dL (SD) 6.6 (1.5) 4.2 (1.1) 4.9 (1.6)

Table 2. Characteristics of the study population with and without chronic kidney disease (CKD)

Characteristics
With CKD: any 

stage 
(n=1,029)

Without CKD
(n=1,454) p

Mean age in years (SD) 45.5 (7.6) 40.3 (8.3) <0.01*
Number of females (%) 797 (77.5) 1,018 (70.0) <0.01**
Number of current smokers (%) 45 (4.4) 89 (6.2) 0.059**
Number of current alcohol drinkers (%) 282 (27.4) 515 (35.4) <0.01**
Mean BMI in kg/m2 (SD) 23.4 (3.4) 22.6 (3.3) <0.01*
Mean systolic blood pressure in mmHg (SD) 117.5 (13.6) 115.3 (12.9) <0.01*
Mean fasting blood sugar level in mg/dL (SD) 91.6 (24.0) 88.4 (19.4) <0.01*
Mean total cholesterol level in mg/dL (SD) 224.6 (44.4) 215.5 (39.1) <0.01*
Mean uric acid level in mg/dL (SD) 5.0 (1.6) 4.8 (1.6) <0.01*

*p-value from t-tests, **p-value from chi-square tests

work (Figure 1A) in this analysis does not con-
sider the relationship between the risk factors 
themselves, and cannot offer any explanation 
for the underlying mechanisms of the associa-
tion seen, which is therefore prone to bias, due 
to confounding caused by the relationships be-
tween the risk factors themselves and the out-
come.   The issue of confounding was explored 
in the next strategy.

2.  Modeling strategy to consider the inter-
relationship between risk factors

 2.1 Adjusting for known confounders 
(age and gender) Confounding is defi ned as “the 
distortion of a measure of the effect of an ex-
posure on an outcome due to the association of 

the exposure of other factors that infl uence the 
occurrence of the outcome” [1].  For example, 
if age is associated with increased risk factors 
(such as BMI and systolic blood pressure), and 
is connected also to an increased risk in outcome 
(CKD), the association found in the univariable 
analysis between the risk factors (such as BMI 
and systolic blood pressure) and CKD is biased, 
due to distortion infl uenced by age.  This case 
is plausible and the dataset indeed provides evi-
dence that 1) age and sex are associated indepen-
dently with the remaining seven risk factors of 
interests, and 2) age and sex are associated inde-
pendently also with CKD. This fi ts the defi nition 
of confounders as previously defi ned.   
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This second strategy is now a multivariable 
model and considers age and gender as con-
founders in the association between the seven re-
maining risk factors and CKD (Figure 1B).  The 
adjusted associations seen in people of the same 
age and gender are interpreted as the connection 
between the risk factors and CKD.  A compari-
son between the crude and adjusted association 
between the risk factors of interests and CDK 
are shown in Table 3.  The associations between 
current smoking and current alcohol drinking 
with CKD (adjusted for age and gender) have 
increased.  An explanation of the changes in as-
sociations can be offered by carefully consider-
ing the information provided in Tables 1, 2 and 
3.  Firstly, Table 1 shows that being female is 
associated negatively with smoking (i.e. females 
are associated with less smoking when compared 
to males).  Secondly, being female is associated 
strongly with an increased risk of CKD, with 
an Odds Ratio (OR) of 1.47 (95% CI 1.22 to 
1.77).   The fact that smokers are less likely to be 
female, and females are more likely to have 
CKD, explains why current smoking was associ-
ated with decreased risks of CKD in the univari-
able analysis (Table 3 column A).  After adjusting 
for age and gender, the association between cur-
rent smoking and CKD increased from an OR of 
0.7 in the crude analysis to that of 1.08 in the ad-
justed analysis (Table 2 column B).  The same di-
rection of confounding applies to the relationship 
between current alcohol consumption and CKD.  

 Results in the adjusted analysis (Table 2 
column B) can summarize that BMI, systolic 
blood pressure, fasting blood glucose, total cho-
lesterol and uric acid level in people of the same 
age and gender are all associated signifi cantly 
with CKD.  This result is consistent with previ-
ous fi ndings in the literature [10, 11].  

 2.2 Considering the inter-relationship be-
tween risk factors using a hierarchical framework

  Victoria et al (1997) described strate-
gies in detail for handling complex inter-relation-
ships between risk factors [12].  For example, in 
this study, current smoking, current alcohol con-

sumption and BMI could be grouped as behavio-
ral risk factors because they can be treated mainly 
with lifestyle modifi cation.  The remaining risk 
factors; systolic blood pressure, fasting blood 
glucose, total cholesterol and uric acid level can 
be grouped as physiological risk factors, all of 
which can be treated mainly with pharmacologi-
cal treatment.  Figure 1C depicts the framework, 
where the effects of behavioral risk factors on 

Table 3. Comparison between crude and adjusted 
odds ratio (OR) of risk factors for chronic kidney dis-
ease (CKD)

Risk factors

Column A
Unadjusted 

OR 
(95% CI)

Column B
Age-gender 
adjusted OR 

(95% CI)
1. Age (increase) 1.08 

(1.07 to 1.10) ---
<0.01

2. Gender (female) 1.47 
(1.22 to 1.77) ---

<0.01
3.  Current smoking 0.70 

(0.48 to 1.01)
1.08 

(0.71 to 1.64)
p=0.059 p=0.72

4.  Current alcohol 
drinking

0.69 
(0.58 to 0.82)

0.93 
(0.75 to 1.14)

p<0.01 p=0.49
5.  BMI (increase) 1.07 

(1.05 to 1.10)
1.06 

(1.02 to 1.08)
p<0.01 p<0.01

6.  SBP (increase) 1.01 
(1.01 to 1.02)

1.01 
(1.00 to 1.02)

p<0.01 p<0.01
7. FBS (increase) 1.00 

(1.00 to 1.01)
1.00 

(1.00 to 1.01)
p<0.01 p<0.01

8.  TC (increase) 1.00 
(1.00 to 1.01)

1.00 
(1.00 to 1.01)

p<0.01 p<0.01
9. Uric acid (in-
crease)

1.10  
(1.04 to 1.16)

1.40 
(1.30 to 1.52)

p<0.01 p<0.01
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CKD are mediated entirely through physiologi-
cal risk factors.  This strategy for analysis could 
not adjust for the physiological risk factors when 
exploring the association between behavioral 
risk factors and CKD, as they are on the caus-
al pathway [13].  Instead, this analysis would 
start with a multivariable model, where all three 
behavioral risk factors are included together. As 
age and gender are confounders, they are always 
included in the multivariable model.  The behav-
ioral risk factors are then removed one by one, 
starting from the least signifi cant, and kept in the 
model only if remaining statistically signifi cant 
(p<0.05). Results of the different models that 
used this strategy are shown in Table 4.  Due to 
the confounding effect of age and gender on cur-
rent smoking and current alcohol consumption, 
it is not surprising that of the three behavioral 

risk factors; only BMI remained independently 
signifi cant after adjusting for age and gender.  

Finding BMI as an independent behavioral 
risk factor for CKD has been proved in only 
part of the framework proposed in Figure 1C.  
To provide evidence that supports Figure 1C, 
proof is needed that BMI is associated also with 
physiological risk factors such as blood pressure, 
fasting blood glucose, total cholesterol and uric 
acid level.  In using linear regression, the dataset 
provides evidence that increased BMI is associ-
ated with an increase in all four physiological 
risk factors in people of the same age and gender 
(Table 5).  

The summary of this framework needs to 
combine evidence from Tables 3, 4 and 5, which 
can interpret that one unit increase in BMI is as-
sociated with a 6% increase in the odds of CKD 

 

Legend 

  Direct effect 

  Associations 

  Confounding effect 

Figure 1.  Different Framework for analysis of the relationship between nine risk factors and Chronic Kidney 
Disease: 
A, Framework for estimating the effect of each specifi c risk factor;  B, Framework for estimating the effect of 
each risk factor adjusted for confounders (age and gender);  C, Hierarchical framework for estimating the effect 
of behavioral risk factors adjusted for confounders (age and gender);  D, Non-hierarchical framework for estimat-
ing the effect of behavioral and physiological risk factors adjusted for confounders (age and gender)

Acronyms:  BMI= body mass index, SBP= systolic blood pressure, FBS = fasting blood sugar, TC = 
total cholesterol, uric a = uric acid level, CKD = chronic kidney disease
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Table 4. Multivariable model considering all behavioral risk factors adjusted for age and gender

Behavioral risk factors
Model 1 Model 2 Model 3

OR
(95% CI) p OR 

(95% CI) p OR 
(95% CI) p

1. Current smoking 1.11
(0.73 to 1.68)

0.63 --- -- -- --

2. Current alcohol con-
sumption

0.92
(0.74 to 1.09)

0.41 0.92
(0.74 to 1.14)

0.44 -- --

3. BMI 1.06
(1.03 to 1.09)

<0.01 1.06
(1.03 to 1.09)

<0.01 1.06
(1.03 to 1.09)

<0.01

Model 1 explanatory variables included in the logistic regression models: age, gender, current smoking, current 
alcohol consumption and body mass index (BMI)
Model 2 explanatory variables included in the logistic regression models: age, gender, current alcohol consump-
tion and body mass index (BMI)
Model 3 explanatory variables included in the logistic regression models: age, gender and body mass index (BMI)

Table 5. Association between BMI and controlled physiological risk factors using linear regression for age and 
gender

Physiological risk factors β for BMI*   95% CI p

1. Systolic blood pressure      1.08 0.93 to 1.22 <0.01
2. Fasting blood sugar      0.95 0.68 to 1.21 <0.01
3.  Total cholesterol      0.67 0.12 to 1.24 0.02
4.  Uric acid level      0.10 0.08 to 0.12 <0.01

  * all models adjusted for age and gender by using linear regression

in people of the same age and gender. This as-
sociation between BMI and CKD is mediated 
possibly by the physiological risk factors.  Data 
showed that increased BMI is associated also 
with increased risks in all four physiological risk 
factors (Table 5), all of which are associated with 
increased risk of CKD (Table 3 column B).

 2.3 Considering the inter-relationship 
between risk factors using a non-hierarchical 
framework

  The framework in Figure 1C assumes 
that the effect of behavioral risk factors is medi-
ated entirely by physiological risk factors.  This 
may not be entirely true, as BMI in people with 
the same physiological risk factors could still 
have an independent effect on CKD.  This non-

hierarchical framework is now depicted in Fig-
ure 1D.  In this framework, the modeling strat-
egy would need to combine the behavioral and 
physiological risk factors together.  One strategy 
is to model only the behavioral and physiologi-
cal risk factors separately before combining only 
the variables that remain signifi cant from each 
group together.  Modeling only the behavioral 
risk factors results in the same model as that pre-
sented in Table 4.  Modeling only the physiologi-
cal risk factors together needs careful considera-
tion regarding their relationship, as all of them 
correlate positively with each other (p<0.01 in 
all pairwise correlations).  In selecting these 
variables together, a strategy similar to the step-
wise approach could be used by modeling all 
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four physiological risk factors together (with age 
and gender as explanatory variables). The physi-
ological risk factors would be removed one by 
one by starting from the least signifi cant, until all 
of the remaining ones are statistically signifi cant.  
From this approach, the remaining physiological 
risk factors would be total cholesterol and uric 
acid (Table 6: Model 1).

 However, since there is evidence that 
all these risk factors correlate positively with 
each other, this stepwise approach is arguable.  
It could be considered whether or not and how 
the physiological risk factors excluded from the 
stepwise approach (systolic blood pressure and 
fasting blood sugar) are associated with CKD.  
This argument is based on biological plausibil-
ity and potential for future implications because 
systolic blood pressure and fasting blood sugar 
are measured more commonly.  Model 2 (in Ta-
ble 6) shows some evidence that both higher lev-
els of systolic blood pressure and fasting blood 
sugar are associated with higher risks of CKD 
among people of the same age and gender.  

No results in Model 1 or 2 from Table 6 can 
be considered as incorrect, and there is no clear 
answer that says which model is better than the 
other.  It would be best to keep and explore both 
models further.  By adding the one remaining sig-
nifi cant behavioral risk factors (BMI) to Model 
1 in Table 6, the BMI became insignifi cant.  In 
contrast, When the BMI was added to Model 2 in 
Table 6, both systolic blood pressure and fasting 
blood pressure lost signifi cance.  

As a result, the researchers working in this 
non-hierarchical framework would have to think 
carefully about the results in both Model 1 and 
2 from Table 5, as the two models have differ-
ent interpretations and implications for interven-
tions.  When adjusting for age and gender, the 
results from Model 1 (in Table 6) present data 
that states uric acid level is the strongest risk fac-
tor for CKD.  This raises the importance of being 
aware and in control of such risk factors.  The re-
sults from Model 2 (in Table 6) raise the impor-
tance of commonly measured physiological risk 
factors; systolic blood pressure and fasting blood 

sugar.  By Model 2 losing its signifi cant level 
as an explanatory variable after adding BMI, it 
also provides information that blood pressure 
and fasting blood glucose can be modulated by 
controlled BMI.  Both these points are important 
and can result in different public health inter-
ventions.  In reality, there is no need to present 
only one “fi nal” model.  Every model presented 
so far provides some useful information about 
the mechanisms by which these risk factors are 
associated with CKD.  All of these risk factors 
can lead to an evidence-based policy and inter-
vention for the prevention of CKD.

Comparison of results with the stepwise ap-
proach

The stepwise approach would have consid-
ered all nine risk factors together because all of 
them were associated signifi cantly with CKD 
(Table 2).  This would be carried out without con-

Table 6. Multivariable model considering physiologi-
cal risk factors adjusted for age and gender

Physiological risk 
factors

Model 1
OR (95% CI)

Model 2
OR (95% CI)

1. Systolic blood 
pressure

-- 1.01
(1.00 to 1.02)
p 0.01

2. Fasting blood 
sugar

-- 1.00 
(1.00 to 1.01)
p 0.06

3. Total choles-
terol

1.00 
(1.00 to 1.01)

--

p <0.01
4. Uric acid level 1.39 

(1.28 to 1.50)
--

p <0.01

Model 1 explanatory variables included in the logistic 
regression models: age, gender, total cholesterol and 
uric acid
Model 2 explanatory variables included in the logistic 
regression models: age, gender, systolic blood pres-
sure and fasting blood sugar
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sidering which factors could be seen as confound-
ers, and the relationship between the risk factors 
themselves would be disregarded completely.  
By using this approach, the result would suggest 
that only age, gender, uric acid and cholesterol 
are associated independently with CKD, and the 
other risk factors would have been disregarded 
completely.  It would be impossible to disentan-
gle the mechanisms by which these risk factors 
are associated with CKD without going through 
the steps described above, and thus, only limited 
implications of the fi ndings can be provided.

Conclusion
This paper shows that in an exploratory 

research, stepwise regression leads to inadequate 
use of information and offers little in terms of 
implications for interventions.  Careful consi-
deration using a different plausible framework 
for analysis can help to disentangle the mecha-
nisms, by which these risk factors are associated 
with the outcome of interest.  This stresses the 
importance of a clear framework based on bio-
logical plausibility and temporal relationships 
between risk factors.  In terms of choosing dif-
ferent models, there is no need for one “fi nal” 
model for such exploratory research questions.  
The interpretation and public health implication 
of the fi ndings need to be considered.  As George 
E. Box, a famous statistician wrote, “essentially, 
all models are wrong, but some are useful.”
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