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S. GRUNBLATT

BACKGROUND
The National Osteoporosis Foundation defines osteoporosis as “a bone disease

that occurs when the body loses too much bone, makes too little bone, or both.” As a
result, bones become weak and may break from a fall or, in serious cases, from
sneezing or minor bumps. Viewed under a microscope, healthy bone looks like a
honeycomb. Osteoporosis means “porous bone,” and it is a chronic disease.
Osteoporotic bone has decreased hard bone mass and increased space between the
dense bone matter that is filled with soft bone marrow and other soft tissues. Possible
risk factors for osteoporosis include age 50 and above, female, smoking / tobacco
exposure, drinking / alcohol consumption, and race (non-Hispanic white and
non-Hispanic Asian).

Diabetes mellitus (diabetes) is a chronic health condition that occurs when the
body creates too much sugar while trying to turn food into energy. There are 3 main
types:

● Type 1 -- Immune system destroys the cells that release insulin.
● Type 2 -- Body isn’t able to use insulin properly.
● Gestational -- Diabetes diagnosed during pregnancy (often temporary)

According to Health Central, type 1 diabetes is the most common chronic disease in
children. Furthermore, 95% of diabetes patients have type 2. Seven million people live
with undiagnosed diabetes, 30 million Americans live with diabetes, and 80 million
American adults have prediabetes (Barros, n.d.). Possible risk factors for diabetes
include age 45 and above (Type II), overweight / physical inactivity, smoking / tobacco
exposure, high blood pressure, and race (African-American, Hispanic, Native American,
Asian-American race, or Pacific Islander). The following image provides a potential
example of the relationship between diabetes and osteoporosis (Roy, 2013).
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Rationale
In 2010, osteoporosis and low bone mass were estimated to be a major public

health threat for almost 54 million U.S. women and men aged 50 and older, and that
number has only increased. Among the 54 million, 10.2 million adults are estimated to
have osteoporosis, of which more than 80% were women (Wright, 2014). Economic
burden was estimated at 17 billion USD in 2005 (Burge, 2007). In a study based on
almost 380,000 fractures in female Medicare beneficiaries, 10% had another fracture
within 1 year, 18% within 2 years, and 31% within 5 years (Balasubramanian, 2019).
Additionally, “although bone health is primarily associated with age, recent studies have
shown that individuals with diabetes mellitus (DM) have up to 6 times higher incidence
of osteoporotic fractures compared to the general population” (Dumic-Cule, et al.,
2018). To reduce this alarming public health burden, additional research regarding the
risk factors for and causal pathway associated with both diabetes and osteoporosis is
needed.

VARIABLES OF INTEREST
This study focuses on both osteoporosis and diabetes as outcomes. It explores

their relationship as potential predictors for each other in addition to the predictors of
age (primary predictor), gender, race, alcohol consumption, and tobacco use. The chart
below provides the NHANES variable name, SAS label, English text, target, response
type, and coded values for each of the outcomes and predictors of interest in this study
and utilizes data from the 2017-2018 NHANES - National Health and Nutrition
Examination Survey.

METHODS
The target population of the NHANES survey is the noninstitutionalized civilian

resident population of the United States, and the sample population is the
noninstitutionalized U.S. civilian population of all ages residing in all 50 states and
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Washington D.C. For the 2017-2018 NHANES administration, 9,254 participants
completed the interview. For the osteoporosis outcome, the eligibility criteria was
respondents above age 50 (minimum target for osteoporosis variable) (n = 3,069) and
those who responded yes/no to osteoporosis/brittle bone question (variable OSQ060) (n
= 3,053). Because diabetes typically onests after the age of 45, these parameters also
fit well with the second outcome (diabetes). Respondents were excluded if they refused
to answer, responded “don’t know”, or were missing (n = 16). The final analytical sample
size used for both outcomes was 3,053 respondents.

STATISTICAL ANALYSES PERFORMED
As shown in the chart above, all variables were coded as categorical (2

outcomes each with 6 predictors). Therefore, logistic regression methods were utilized.
The first outcome was osteoporosis with predictor variables age (primary), diabetes,
gender, race, alcohol consumption, and tobacco use. The second outcome was
diabetes with predictor variables age (primary), osteoporosis, gender, race, alcohol
consumption, and tobacco use. Stepwise regression analysis was not necessary as the
chosen predictors are known to have an association with the outcomes. Both outcomes
will be studied for statistical significance utilizing the following methods: descriptive
statistics, bivariate analyses (Wald chi-square), logistic regression modeling (Wald 95%
confidence intervals and chi-square), univariate modeling, and multivariable modeling.
All outputs were generated using SAS software version 9.4 with the significance level
set at a 2-sided P-value < 0.05 and a 95% Confidence Interval. Copyright© 2021 SAS
Institute Inc. SAS and all other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.

OUTCOME #1: OSTEOPOROSIS
OUTCOME #1: OSTEOPOROSIS -- Study Objectives

The osteoporosis outcome in this study utilized responses to the following
question from the NHANES survey: “Has a doctor ever told {you/SP} that {you/s/he} had
osteoporosis, sometimes called thin or brittle bones?” The six objectives of interest
regarding the osteoporosis outcome are as follows:

PRIMARY PREDICTOR VARIABLE:
1. Examine the association of age and being told by a physician that you

have osteoporosis/brittle bones.
SECONDARY PREDICTOR VARIABLES:

2. Examine the association of diabetes and being told by a physician that
you have osteoporosis/brittle bones.

3. Examine the association of gender and being told by a physician that you
have osteoporosis/brittle bones.

4. Examine the association of race and being told by a physician that you
have osteoporosis/brittle bones.

5. Examine the association of alcohol consumption and being told by a
physician that you have osteoporosis/brittle bones.

6. Examine the association of tobacco use and being told by a physician
that you have osteoporosis/brittle bones.

OUTCOME #1: OSTEOPOROSIS -- Descriptive Statistics and Bivariate Analysis
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According to the variables selected to measure the predictors for osteoporosis
utilizing Wald chi-square p-values at alpha = 0.05, the results were (Table 1):

1. AGE (PRIMARY PREDICTOR): p = <0.0001, statistically significant
2. DIABETES STATUS: p = 0.4344, not statistically significant
3. GENDER: p = <0.0001, statistically significant
4. RACE/ETHNICITY: p = 0.0010, statistically significant
5. ALCOHOL CONSUMPTION: p = 0.0005, statistically significant
6. TOBACCO USE: p = 0.0225, statistically significant

OUTCOME #1: OSTEOPOROSIS -- (MODELING) Univariate and Multivariate
Logistic Analyses

This study yielded the following statistically significant results regarding the
osteoporosis outcome utilizing univariate and multivariate logistic regression analyses
(Table 2):

1. AGE (PRIMARY PREDICTOR):
○ 50 to 59 Years Old (protective)

■ UNIVARIATE: OR = 0.213 (0.150-0.303) and p = <.0001
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■ MULTIVARIATE: OR = 0.195 (0.127-0.301) and p = <.0001
○ 60 to 69 Years Old (protective)

■ UNIVARIATE: OR = 0.393 (0.293-0.527) and p = <.0001
■ MULTIVARIATE: OR = 0.401 (0.275-0.583) and p = <.0001

2. DIABETES STATUS: No statistically significant results
3. GENDER:

○ Male (protective)
■ UNIVARIATE: OR = 0.130 (0.096-0.174) and p = <.0001
■ MULTIVARIATE: OR = 0.110 (0.079-0.153) and p = <.0001

4. RACE/ETHNICITY:
○ Mexican American

■ UNIVARIATE: OR = 0.569 (0.386-0.837) and p = 0.0042
■ MULTIVARIATE: not statistically significant

○ Non-Hispanic Black (almost protective)
■ UNIVARIATE: OR = 0.577  (0.432-0.771) and p = 0.0002
■ (close) MULTIVARIATE: OR = 0.719 (0.514-1.007) and p = 0.0549

5. ALCOHOL CONSUMPTION:
○ Occasional Drinker

■ UNIVARIATE: OR = 0.502 (0.339-0.743) and p = 0.0006
■ MULTIVARIATE: not statistically significant

6. TOBACCO USE:
○ Tobacco (Yes)

■ UNIVARIATE: OR = 0.691 (0.502-0.951) and p = 0.0233
■ MULTIVARIATE: not statistically significant
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OUTCOME #1: OSTEOPOROSIS -- Conclusions
According to the variables selected as predictors with respect to the outcome of

osteoporosis the following conclusions were reached:
1. PRIMARY PREDICTOR: Compared to individuals 80 years old and above,

people age 50 to 59 and 60 to 69 years old had lower odds (OR = 0.195, p =
<.0001 and OR = 0.401, p = <.0001) of being told by a physician that they have
osteoporosis/brittle bones after adjusting for other selected factors.

2. There was no statistically significant association between diabetes status
(compared to no diabetes status) and being told by a physician that you have
osteoporosis/brittle bones.

3. Compared to females, males had lower odds of being told by a physician that
they have osteoporosis/brittle bones (OR = 0.110, p = <.0001) after adjusting for
other selected factors.

4. Compared to non-Hispanic whites, non-Hispanic blacks were the only race that
came close to having statistically significant results.
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○ This group had reduced odds (OR = 0.719, 95% CI: 0.514-1.007, p =
0.0549) of being told by a physician that they have osteoporosis/brittle
bones after adjusting for other selected factors.

5. After adjusting for other selected factors, there was no statistically significant
association between amount of alcohol consumption (compared to frequent
drinking) and being told by a physician that you have osteoporosis/brittle bones.

6. After adjusting for other selected factors, there was no statistically significant
association between tobacco (yes) use (compared to no tobacco use) and being
told by a physician that you have osteoporosis/brittle bones.

OUTCOME #2: DIABETES (Midterm Bonus)
OUTCOME #2: DIABETES -- Study Objectives

The diabetes outcome in this study utilized responses to the following question
from the NHANES survey: “{Other than during pregnancy, {have you/has SP}/{Have
you/Has SP}} ever been told by a doctor or health professional that {you
have/{he/she/SP} has} diabetes or sugar diabetes?” The six objectives of interest
regarding the diabetes outcome are as follows:

PRIMARY PREDICTOR VARIABLE:
1. Examine the association of age and being told by a physician that you

have diabetes (including borderline).
SECONDARY PREDICTOR VARIABLES:

2. Examine the association of osteoporosis and being told by a physician
that you have diabetes (including borderline).

3. Examine the association of gender and being told by a physician that you
have diabetes (including borderline).

4. Examine the association of race and being told by a physician that you
have diabetes (including borderline).

5. Examine the association of alcohol consumption and being told by a
physician that you have diabetes (including borderline).

6. Examine the association of tobacco use and being told by a physician
that you have diabetes (including borderline).

OUTCOME #2: DIABETES -- Descriptive Statistics and Bivariate Analysis
According to the variables selected to measure the predictors for diabetes

utilizing Wald chi-square p-values at alpha = 0.05, the results were (Table 3):
1. AGE (PRIMARY PREDICTOR): p = <0.0001, statistically significant
2. OSTEOPOROSIS STATUS: p = 0.4344, not statistically significant
3. GENDER: p = 0.0002, statistically significant
4. RACE/ETHNICITY: p = 0.0141, statistically significant
5. ALCOHOL CONSUMPTION: p = <0.0001, statistically significant
6. TOBACCO USE: p = 0.0258, statistically significant
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OUTCOME #2: DIABETES -- (MODELING) Univariate and Multivariate Logistic
Analyses

This study yielded the following statistically significant results regarding the
osteoporosis outcome utilizing univariate and multivariate logistic regression analyses
(Table 4):

1. AGE (PRIMARY PREDICTOR):
○ 50 to 59 Years Old (protective)

■ UNIVARIATE: OR = 0.555 (0.425-0.723) and p = <.0001
■ MULTIVARIATE: OR = 0.515 (0.373-0.709) and p = <.0001

○ 70 to 79 Years Old
■ UNIVARIATE: OR = 1.354 (1.039-1.764) and p = 0.0247
■ MULTIVARIATE: not statistically significant

2. DIABETES STATUS: No statistically significant results
3. GENDER:

○ Male (harmful)
■ UNIVARIATE: OR = 1.353 (1.156-1.583) and p = 0.0002
■ MULTIVARIATE: OR = 1.622 (1.344-1.958) and p = <.0001

4. RACE/ETHNICITY:
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○ Mexican American (harmful)
■ UNIVARIATE: OR = 1.454 (1.124-1.881) and p = 0.0044
■ MULTIVARIATE: OR = 1.516 (1.129-2.036) and p = 0.0057

○ Non-Hispanic Black (harmful)
■ UNIVARIATE: not statistically significant
■ MULTIVARIATE: OR = 1.270 (1.007-1.602) and p = 0.0433

○ Non-Hispanic Asian (harmful)
■ UNIVARIATE: OR = 1.337 (1.043-1.713) and p = 0.0217
■ MULTIVARIATE: OR = 1.551 (1.154-2.084) and p = 0.0036

○ Other Race - Including Multi-Racial (harmful)
■ UNIVARIATE: OR = 1.478 (1.003-2.177) and p = 0.048
■ MULTIVARIATE: OR = 1.591 (1.033-2.449) and p = 0.035

5. ALCOHOL CONSUMPTION:
○ Former Drinker (harmful)

■ UNIVARIATE: OR = 1.480 (1.218-1.798) and p = <.0001
■ MULTIVARIATE: OR = 1.380 (1.127-1.689) and p = 0.0018

○ Occasional Drinker (protective)
■ UNIVARIATE: OR = 0.650 (0.499-0.846) and p = 0.0014
■ MULTIVARIATE: OR = 0.633 (0.482-0.833) and p = 0.0011

6. TOBACCO USE:
○ Tobacco (yes)

■ UNIVARIATE: OR = 0.776 (0.621-0.970) and p = 0.0261
■ MULTIVARIATE: not statistically significant
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OUTCOME #2: DIABETES -- Conclusions
According to the variables selected as predictors with respect to the outcome of

diabetes the following conclusions were reached:
1. PRIMARY PREDICTOR: Compared to individuals 80 years old and above,

people age 50 to 59 years old had lower odds (OR = 0.515, p = <.0001) of being
told by a physician that they have diabetes (including borderline) after adjusting
for other selected factors.

2. There was no statistically significant association between osteoporosis status
(compared to no osteoporosis status) and being told by a physician that they
have diabetes (including borderline) after adjusting for other selected factors.

3. Compared to females, males had increased odds of being told by a physician
that they have diabetes (including borderline) (OR = 1.622, p = <.0001) after
adjusting for other selected factors.

4. Compared to non-Hispanic whites, four racial groups had increased odds of
being told by a physician that they have diabetes (including borderline) after
adjusting for other selected factors: Mexican Americans (OR = 1.516, p =
0.0057), non-Hispanic blacks (OR = 1.270, p = 0.0433), Non-Hispanic Asians
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(OR = 1.551, p = 0.0036), and other races - including multi-racial (OR = 1.591, p
= 0.035).

5. Compared to frequent drinkers, former drinkers had increased odds (OR = 1.380,
p = 0.0018) while occasional drinkers had reduced odds (OR = 0.633, p =
0.0011) of being told by a physician that they have diabetes (including borderline)
(OR = 1.622, p = <.0001) after adjusting for other selected factors.

6. After adjusting for other selected factors, there was no statistically significant
association between tobacco (yes) use (compared to no tobacco use) and being
told by a physician that you have diabetes (including borderline).

DISCUSSION AND RECOMMENDATIONS
The primary predictor of age did show an overall relationship with both

osteoporosis and diabetes, which was expected. However, neither osteoporosis nor
diabetes were predictors for each other, which is surprising because recent research
does show a relationship. The lack of statistical significance between these variables
may be the result of errors and limitations of this study rather than a lack of a true
relationship. For example, because the osteoporosis question was only asked to
individuals over 50 years old, the multivariate analysis for diabetes had to be coded to
exclude ages 1-49. For consistency, the univariate analysis for diabetes was also coded
this way. Some of the other results were also unexpected. This may be because many
variables selected from the NHANES study were from the questionnaire data, which
could have resulted in bias and/or error. A better measure could have been to use
DEXA bone density scans (for osteoporosis) and fasting glucose levels (for diabetes)
from the laboratory data, for example, which are “gold standards.” This would have
been more objective, but it would further reduce the sample size. Additionally, crude
odds ratios were used, and many confidence intervals contained 1.0. Age adjusted odds
ratios would likely have provided results closer to what is typically expected for these
variables. Furthermore, as with all cross-sectional studies, causation (risk ratio) cannot
be determined. Finally, many other potential predictors for osteoporosis and diabetes
could potentially be studied in the future. These include blood iron levels, physical
activity, marital status, education, triglycerides, blood pressure, etc.
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APPENDIX A: SAS CODE FOR THIS PROJECT
/* Sarah Grunblatt
SPRING 2021
BIOS 6102 Final Project -- SAS Code */

/* Import data sets */

LIBNAME R XPORT "C:\Users\sarah\Desktop\BIOS 2 -- Final
Project\DEMO_J.XPT" ;
LIBNAME D 'C:\Users\sarah\Desktop\BIOS 2 -- Final Project\' ;
PROC COPY IN = R OUT = D ;
RUN ;
PROC CONTENTS DATA = D.DEMO_J ;
RUN ;

LIBNAME R XPORT "C:\Users\sarah\Desktop\BIOS 2 -- Final
Project\OSQ_J.XPT" ;
LIBNAME D 'C:\Users\sarah\Desktop\BIOS 2 -- Final Project\' ;
PROC COPY IN = R OUT = D ;
RUN ;
PROC CONTENTS DATA = D.OSQ_J ;
RUN ;

LIBNAME R XPORT "C:\Users\sarah\Desktop\BIOS 2 -- Final
Project\ALQ_J.XPT" ;
LIBNAME D 'C:\Users\sarah\Desktop\BIOS 2 -- Final Project\' ;
PROC COPY IN = R OUT = D ;
RUN ;
PROC CONTENTS DATA = D.ALQ_J ;
RUN ;

LIBNAME R XPORT "C:\Users\sarah\Desktop\BIOS 2 -- Final
Project\SMQRTU_J.XPT" ;
LIBNAME D 'C:\Users\sarah\Desktop\BIOS 2 -- Final Project\' ;
PROC COPY IN = R OUT = D ;
RUN ;
PROC CONTENTS DATA = D.SMQRTU_J ;
RUN ;

LIBNAME R XPORT "C:\Users\sarah\Desktop\BIOS 2 -- Final
Project\DIQ_J.XPT" ;
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LIBNAME D 'C:\Users\sarah\Desktop\BIOS 2 -- Final Project\' ;
PROC COPY IN = R OUT = D ;
RUN ;
PROC CONTENTS DATA = D.DIQ_J ;
RUN ;

/* Check for duplicates. */
PROC SORT DATA = D.DEMO_J ;
BY SEQN ;
RUN ;

PROC SORT DATA = D.OSQ_J ;
BY SEQN ;
RUN ;

PROC SORT DATA = D.ALQ_J ;
BY SEQN ;
RUN ;

PROC SORT DATA = D.SMQRTU_J ;
BY SEQN ;
RUN ;
PROC SORT DATA = D.DIQ_J ;
BY SEQN ;
RUN ;

DATA DUPLICATE ;
SET D.DEMO_J ;
BY SEQN ;
IF NOT (FIRST.SEQN AND LAST.SEQN) THEN OUTPUT DUPLICATE ;
RUN ;

DATA DUPLICATE ;
SET D.OSQ_J ;
BY SEQN ;
IF NOT (FIRST.SEQN AND LAST.SEQN) THEN OUTPUT DUPLICATE ;
RUN ;

DATA DUPLICATE ;
SET D.ALQ_J ;
BY SEQN ;
IF NOT (FIRST.SEQN AND LAST.SEQN) THEN OUTPUT DUPLICATE ;
RUN ;
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DATA DUPLICATE ;
SET D.SMQRTU_J ;
BY SEQN ;
IF NOT (FIRST.SEQN AND LAST.SEQN) THEN OUTPUT DUPLICATE ;
RUN ;

DATA DUPLICATE ;
SET D.DIQ_J ;
BY SEQN ;
IF NOT (FIRST.SEQN AND LAST.SEQN) THEN OUTPUT DUPLICATE ;
RUN ;

/* Horizontally combine datasets to add columns. */
DATA COMBINED_NHANES_1718 ;
MERGE D.DEMO_J(in=ina) D.OSQ_J(in=inb) D.ALQ_J(in=inc)
D.SMQRTU_J(in=ind) D.DIQ_J(in=ine);
BY SEQN ;
RUN ;

/* Keep the variables of interest according to how coded in
NHANES for OSTEO outcome. */
data d.select;
set COMBINED_NHANES_1718 (keep= seqn OSQ060  RIAGENDR RIDAGEYR
RIDRETH3  DMDEDUC2  ALQ111 ALQ121  SMDANY DIQ010);
where RIDAGEYR >= 50;

/* Changing age to categorical */
if RIDAGEYR= . then Age=".";
else if RIDAGEYR<10 then Age="1";
else if RIDAGEYR>=10 and RIDAGEYR<20 then Age ="2";
else if RIDAGEYR>=20 and RIDAGEYR<30 then Age ="3";
else if RIDAGEYR>=30 and RIDAGEYR<40 then Age ="4";
else if RIDAGEYR>=40 and RIDAGEYR<50 then Age ="5";
else if RIDAGEYR>=50 and RIDAGEYR<60 then Age ="6";
else if RIDAGEYR>=60 and RIDAGEYR<70 then Age ="7";
else if RIDAGEYR>=70 and RIDAGEYR<80 then Age ="8";
else Age= "9";

/* Numeric to text Osteoporosis  */
if OSQ060 in (., 7, 9) then OsteoStatus=" ";
else if OSQ060=1 then OsteoStatus="Osteoporosis";
else OsteoStatus="No Osteoporosis";

/* Numeric to text Race */
if RIDRETH3= . then Race=" ";
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else if RIDRETH3=1 then Race="1";
else if RIDRETH3=2 then Race="2";
else if RIDRETH3=3 then Race="3";
else if RIDRETH3=4 then Race="4";
else if RIDRETH3=6 then Race="6";
else Race= "7";

/* Changing Diabetes to categorical */
if DIQ010 in (.,7,9) then DiabetesStatus=.;
else if DIQ010 in (1,3) then DiabetesStatus=1;
else if DIQ010=2 then DiabetesStatus=2;

/* Numeric to text gender  */
if RIAGENDR= . then Gender=" ";
else if RIAGENDR=1 then Gender="Male";
else if RIAGENDR=2 then Gender="Female";

/* Numeric to text Tobacco  */
if SMDANY in (., 7, 9) then Tobacco=" ";
else if SMDANY=1 then Tobacco="Tobacco";
else Tobacco="No Tobacco";

/* integrate two variables
create drinking status:
1. never, ever <varname: everdnk>
2. never, former, occasional, frequent <varname: dnk>*/

if ALQ111 in (., 7, 9) then everdnk=.;
else if ALQ111=1 then everdnk=1;
else everdnk=0;

if ALQ121 in (., 77, 99) then curdnk=.;
else if ALQ121 in (1,2,3,4) then curdnk=1;
else if ALQ121 in (5,6,7,8,9,10) then curdnk=2;
else curdnk=0;

if everdnk=. then dnk=.;
else if everdnk=0 then dnk=0;
else do;
if curdnk=. then dnk=.;
else if curdnk=0 then dnk=1;
else if curdnk=1 then dnk=2;
else dnk=3;
end;

label
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RIDAGEYR='Age in years at screening'
Age='Age, 1:[1-9), 2:[10-19), 3:[20-29), 4:[30-39), 5:[40-49),
6:[50-59), 7:[60-69), 8:[70-79), 9:>80'

RIAGENDR='Gender, 1: male, 2:female'
Gender='Gender, 1:Male, 2:Female'

RIDRETH3='Race: 1: Mexican American, 2:Other Hispanic,
3:Non-Hispanic White, 4:Non-Hispanic Black, 6: Non-Hispanic
Asian, 7: Other Race & Multi-Racial'
Race='Race: 1: Mexican American, 2:Other Hispanic,
3:Non-Hispanic White, 4:Non-Hispanic Black, 6: Non-Hispanic
Asian, 7: Other Race & Multi-Racial'

OSQ060='Ever told had osteoporosis/brittle bones: 1:yes, 2:no,
7: Refused, 9: Do not know'
OsteoStatus='Osteoporosis Status: 1:Osteoporosis, 2: No
Osteoporosis'

DIQ010SAS='Doctor told you have diabetes: 1:yes, 2:no,
3:borderline, 7: Refused, 9: Do not know'
DiabetesStatus='Diabetes Status: 1:[Diabetes,borderline), 2: No
Diabetes'

SMDANY='Used any tobacco product last 5 days?: 1:yes, 2:no, 7:
Refused, 9: Do not know'
Tobacco='Tobacco: 1:yes, 2:no, 7: Refused, 9: Do not know'

/* Integrate two variables alcohol */
ALQ111='Ever had a drink of any kind of alcohol: 1:yes, 2:no, 7:
Refused, 9: Do not know'
ALQ121='Past 12 mo how often have alchol drink, 0: Never in the
last year,

1: Every day, 2: Nearly every day, 3: 3 to 4 times a week,
4: 2 times a week, 5: Once a week, 6: 2 to 3 times a month,
7: Once a month, 8: 7 to 11 times in the last year,
9: 3 to 6 times in the last year, 10: 1 to 2 times in the

last year,
77: Refused, 99: Do not know'

everdnk='ever drinker, 1:yes, 0:no'
curdnk='current drinker, 1:yes, 0:no'
dnk='drinking status, 0:Never Drinker, 1:Former Drinker,
2:Occasional Drinker, 3:Frequent Drinker';
run;
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/* Chi Squared Des. Stat. / Biv. Analy  for OSTEO*/
proc freq data = d.select;
tables Age*OsteoStatus / chisq;
run;

proc freq data = d.select;
tables Gender*OsteoStatus / chisq;
run;

proc freq data = d.select;
tables RIDRETH3*OsteoStatus / chisq;
run;

proc freq data = d.select;
tables DiabetesStatus*OsteoStatus / chisq;
run;

proc freq data = d.select;
tables Tobacco*OsteoStatus / chisq;
run;

proc freq data = d.select;
tables Dnk*OsteoStatus / chisq;
run;

/* Chi Squared Des. Stat. / Biv. Analy  for DIABETES*/
proc freq data = d.select;
tables Age*DiabetesStatus / chisq;
run;

proc freq data = d.select;
tables Gender*DiabetesStatus / chisq;
run;

proc freq data = d.select;
tables RIDRETH3*DiabetesStatus / chisq;
run;

proc freq data = d.select;
tables OsteoStatus*DiabetesStatus / chisq;
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run;

proc freq data = d.select;
tables Tobacco*DiabetesStatus / chisq;
run;

proc freq data = d.select;
tables Dnk*DiabetesStatus / chisq;
run;

/* REFERENCES
no diabetes    --  REF = 2: no diabetes   (highest frequency)
NO OSTEO   --  REF = 2: no osteo   (highest frequency)
female   --  REF = 2: female   (highest frequency)
80+ years   --  REF = 9   (oldest age b/c outcome increases with
age)
non-hispanic white   --  REF = 3   (highest frequency)
frequent drinker   --  REF = 3:Frequent Drinker   (highest
frequency?)
no tobacco   --  REF = 2: no   (highest frequency) */

/* Logistic Regression is used to predict the CATEGORICAL
dependent variable using a given set of independent variables.
*/

/* Univariate Analysis for Osteo */
proc logistic data=d.select;

class Age (ref='9')/ param = ref;
model OsteoStatus(event='O')  = Age ; run;

proc logistic data=d.select;
class Gender (ref='F')/ param = ref;
model OsteoStatus(event='O')  = Gender  ; run;

proc logistic data=d.select;
class Race (ref='3')/ param = ref;
model OsteoStatus(event='O')  = Race  ; run;

proc logistic data=d.select;
class DiabetesStatus (ref='2')/ param = ref;
model OsteoStatus(event='O')  = DiabetesStatus ; run;

proc logistic data=d.select;
class Tobacco (ref='N')/ param = ref;
model OsteoStatus(event='O')  = Tobacco ; run;

proc logistic data=d.select;
class Dnk (ref='3')/ param = ref;
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model OsteoStatus(event='O')  = Dnk  ; run;

/* Univariate Analysis for Diabetes */
proc logistic data=d.select;

class Age (ref='9')/ param = ref;
model DiabetesStatus(event='1')  = Age  ; run;

proc logistic data=d.select;
class Gender (ref='F')/ param = ref;
model DiabetesStatus(event='1')  = Gender ; run;

proc logistic data=d.select;
class Race (ref='3')/ param = ref;
model DiabetesStatus(event='1')  = Race ; run;

proc logistic data=d.select;
class OsteoStatus (ref='N')/ param = ref;
model DiabetesStatus(event='1')  = OsteoStatus ; run;

proc logistic data=d.select;
class Tobacco (ref='N')/ param = ref;
model DiabetesStatus(event='1')  = Tobacco ; run;

proc logistic data=d.select;
class Dnk (ref='3')/ param = ref;
model DiabetesStatus(event='1')  = Dnk  ; run;

/* Miultivariate Analysis for Osteo */
proc logistic data=d.select;

class Age  (ref='9') Gender (ref='F') Race (ref='3')
DiabetesStatus (ref='2') Tobacco (ref='N') Dnk (ref='3')/ param
= ref;

model OsteoStatus(event='O') = Age Gender Race
DiabetesStatus Tobacco Dnk  ; run;

/* Miultivariate Analysis for Diabetes */
/* Cannot use youngest age as reference when using OsteoStatus
SMDANY Dnk  as covariates.

All these three variables do not have values at the
youngest age. For example, OsteoStatus only have values for age
over 50.

Must either delete those three covariates or use Age=6
as reference. Elected to use Age=6 as reference. */

proc logistic data=d.select;
class Age  (ref="9") Gender (ref='F') Race (ref='3')

OsteoStatus (ref='N') Tobacco (ref='N') Dnk (ref='3')/ param =
ref;

model DiabetesStatus(event='1')  = Age Gender Race
OsteoStatus Tobacco Dnk  ; run;
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/* Save SAS output as Word file??? */

APPENDIX B: POWERPOINT SLIDES
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