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Executive Summary
This study was aimed at assessing the effectiveness of ph360’s personalized health and wellness program in
reducing participants’ risk of developing or worsening their type 2 diabetes risk. The Australian Type 2 Diabetes
Risk Assessment (AUSDRISK) Tool was used to evaluate participants’ 5-year risk of developing type 2 diabetes
based on anthropometric measures and a simple questionnaire using an online health and wellness app. Over
a 4 year period, 1,690 participants provided their anthropometric measurements (including height, weight, neck
circumference, waist circumference and hip circumference) and survey responses on their blood pressure,
cholesterol levels, glycemic balance, physical activity, smoking and exercise habits. Participants were mostly
(88.1%) female and averaged 51 years of age.
The statistical analysis consisted of adjusting the data for age group, gender and total follow up time, and
testing for significant differences between initial and final AUSDRISK and anthropometric measures using
paired sample t tests. Likewise, survey responses on participants conditions and lifestyle were also analysed for
improvements. Furthermore, a linear mixed-effect regression model with random intercepts for each participant,
adjusting for age, sex, and total follow-up time was fitted to assess whether there were significant reductions in
risk of developing diabetes among participants. The following is a summary of the findings:
•

There were significant improvements in all anthropometric measures computed. This included a significant
decrease in overall BFI from 35.53 to 31.01 (p<.0001), in BMI from 26.86 to 25.38 kg/m2 (p<0.0001), and in
waist-height ratio from 0.57 at baseline to 0.50 at follow-up (p<0.1).

•

There was a significant drop (p<.0001) in the average AUSDRISK scores from 9.20 to 8.12 between baseline
and follow-up showing a positive improvement on the risk of developing type 2 diabetes among the
participants. On average, female participants experienced a significant drop in AUSDRISK scores from 8.95
at baseline to 7.87 at follow up, while male participants experienced a significant drop from 10.82 to 9.79.

•

There were improvements also in participants’ survey responses on their conditions and lifestyle. These
included a 72.6% decrease in participants with hypertension among those who declared being hypertensive
at baseline, a 79.2% decrease in participants with dysglycemia that declared having glycemic imbalances at
baseline, and a 86.1% decrease in participants with high cholesterol that declared having high cholesterol at
baseline.
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•

Among 40 participants who declared they smoked at baseline, 19 had given up smoking at follow up, a
47.5% decrease among smokers. Finally, there was a 12.7% decrease in sedentary lifestyle among those
who declared to be sedentary at baseline.

•

Men seemed to start at a higher level of risk of developing type 2 diabetes but demonstrated a steady
decrease in AUSDRISK scores, while women’s AUSDRISK scores appeared to show a steeper yet fluctuating
decrease.

•

The ph360 health and wellness program provided significant improvements in their participating population
by reducing unwanted weight, reducing fat mass (especially visceral fat as evidenced by WHt), improving
lifestyle choices and the overall risk of developing Type 2 diabetes.
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Introduction
ph360 is a personalized health and wellness program that provides (personalized) health advice for participants.
The program guides participants on the best food with specific and actionable lifestyle choices they can take to
be their healthiest self. Testimonials and feedback on the program have shown a lot of all round and promising
improvements in participants’ lifestyle and current health.
Though the ph360 program is holistic and addresses a variety of health and lifestyle related issues, this study is
aimed at assessing its effectiveness in reducing participants’ risk of developing or worsening type 2 diabetes.
Each participant’s risk of developing type 2 diabetes within the next 5 years was evaluated using the Australian
Type 2 Diabetes Risk (AUSDRISK) Assessment Tool. Participants’ AUSDRISK scores were then computed using
their basic anthropometric measures and these were analysed for improvements over time.
Procedures and results of this study are presented below in the following sections. The data description section
describes the data collection, cleaning and preparation process. This is followed by the results section which
contains descriptive statistics, analysis of changes in participant’s AUSDRISK scores, anthropometric measures,
and conditions/lifestyle over time. The summary of findings and conclusions are then presented.
All data analyses and reporting was done in R version 3.4.3 and Rstudio 1.1.383.
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Data Description
Data used for this study was collected from ph360 participants over a four year period from May 2014 to March
2018. Data consisted of date of birth, gender, anthropometric measurements and survey responses. The data
were then cleaned by removing missing values and outliers based on the following of criteria:
•

Subjects must have updated their data at each interval.

•

Data must be complete (missing data was deleted).

•

Information on participants who updated their data quite frequently was reduced to intervals of 2-3 months
apart for first year, 6 months apart thereafter.

•

Data on participants who underwent significant health conditions were excluded (eg: pregnancy, severe
illness, hospitalization).

The remaining data consisted of 1,690 participants who provided a total of 5,220 completed assessments.
Anthropometric measures collected from the users included height, weight, neck circumference, waist
circumference and hip circumference. Users were allowed to provide their measurements in US imperial (feet,
inches, pounds) but these were then converted into metric (centimeters and kilograms) in the database.
Survey questions included the following:
1. Have you been told by a medical professional that you have high cholesterol?
2. Have you been told by a medical professional that you have high blood pressure?
3. Have you been diagnosed by a medical professional that you are diabetic or pre-diabetic?
4. Have you been told by a medical professional to watch the blood sugar because it tends to be too high or too
low at times?
5. What is your current level of physical activity?
a. Sedentary lifestyle
b. Exercising very little
c. Getting moderate exercise
d. Getting intense exercise
e. Bodybuilding naturally
f. Bodybuilding with the use of hormones
6. Do you smoke?
a. Yes, more than 1 pack a day
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b. Yes, daily but less than 1 pack a day
c. Yes, in social environments only
d. I use a vaporizer and/ chew tobacco
e. No, I quit less than 2 years ago
f. No, I don’t smoke at all
In preparing the data for analysis, additional new variables were computed and these include:
1. Waist-to-Height Ratio (WHt): WHt = Waist/Height.
2. Body Mass Index (BMI) = Weight/(Height/100)2.
3. Body Fat Index (BFI) for men = 86.010×log10(Waist-Neck)-70.041×log10(Height)+36.76.
4. Body Fat Index (BFI) for women = 163.205×log10(Waist+Hip+Neck)-97.684×log10(Height)-78.387.
5. Days: Number of days in the program (Date of last observation-Baseline Date).
6. Australian Type 2 Diabetes Risk Assessment (AUSDRISK) Score: This is a 5 year type2 diabetes risk score
computed using the AUSDRISK assessment tool[1] and the anthropometric measures provided by the ph360
participants. Since information on the ethnicity and family history of diabetes was asked, this component of
the risk score was automatically granted 0 points. This conservatively assumes that all participants do not
have a risk of diabetes based on their ethnic and family profile. Furthermore, smokers were considered to be
anyone who smoked cigarette(s) in any amount, chewed tobacco or used e-cigarettes.
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Results
Descriptive Statistics
Figure 1 below shows the descriptive statistics of the participants’ anthropometric measures and their
conditions/lifestyle choices. The mean and standard error of each anthropometric measure and participants’
AUSDRISK scores are shown while the number (and percentage) of participants suffering from a condition
(hypertension, hypoglycemia etc.) or engaging in a lifestyle (smoking, sedentary life etc.) are also presented.
These values are split by gender of participants and time (baseline and follow up).
Of particular interest is that there the data is strongly female dominants with 1648 females, 88.13% compared
to 222 males, 11.87%. Furthermore, the average AUSDRISK score for female participants reduced from 8.95 at
baseline to 7.87 at follow up while average AUSDRISK scores for men reduced from 10.82 at baseline to 9.79
at follow up. Likewise, similar improvements were seen in average anthropometric measures like BMI, BFI and
WHt etc. It is worth noting that the WHt was successfully brought under the 0.51 risk cutoff for diabetes risk
in both male and female participants [2-5]. In addition, there were improvements in the percentage of people
with conditions or lifestyle choices between baseline and follow up time, such as an increase in those getting
exercise and a decrease in smokers. Finally, women remained in the program slightly more than men, with
women averaging 11.70 months in the program while men remained in the program for an average of 10.27
months.
Table 1 - Descriptive statistics.
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Changes of AUSDRISK Scores of Participants
Changes in participants’ risk of developing diabetes (as quantified by the AUSDRISK score) were examined.
After adjusting for age groups, gender and time spent in program by participants, average AUSDRISK scores
at baseline and follow up were determined and the differences were tested using a paired sample t-test. The
results are presented in Figure 2.
Table 2 - Changes in AUSDRISK scores by age group and gender.
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There was a general decrease in AUSDRISK scores among participants. Furthermore, this decrease was
particularly strong among women between 40 and 70 years of age. Unlike women, results for men showed
improvements (decrease in risk scores) which were (mostly) insignificant probably due to the limited sample
size of men in each age group and time (spent in program) clusters.
Figure 3 shows the trend of improvement in AUSDRISK scores over time among all of the participants. The
trend was modelled using a generalized additive model (GAM) in order to avoid a biased linearity assumption.
While a slow steady decrease in AUSDRISK scores was observed in men, women demonstrated faster and more
variable reduction in AUSDRISK scores.
Figure 3 - Change AUSDRISK scores with 95% CI.

Since some participants are initially at a reduced risk of having diabetes and their inclusion in the analysis
may skew results to show fewer changes from baseline, another group of participants with high indicators of
diabetes (based on anthropometric measures) were defined and analysed separately. This group of participants
consisted of the following conditions at baseline:
1. Waist to Height ratio greater than 0.5 (WHt>0.5).
2. BMI of 25 or higher.
3. BFI range of standard plus, overfat or obese.
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This “high risk” group is made up of 1235 females (86.55%) and 192 males (13.45%), giving a total of 1427
participants. Results of the analysis on this group showed a similar trend in improvements but with more
significant improvements (reductions) in AUSDRISK seen in women between 40 and 70 years (See table of
results in Appendix A).
The trends of reduction seen in Figure 3 were adjusted for by age group and the results (for all participants and
the “high risk” group) and are shown in Figure 4. Similar trends of improvement were observed as seen in Figure
3 except for men who are between 41-50 years and greater than 70 years where there seem to be an increase
in AUSDRISK after about 10-12 months of an initial improvement in AUSDRISK. This is because there were
only 2 male participants in the 70+ age group that managed to stay with the program for more than 10 months,
resulting in very wide confidence intervals and unreliable results for this gender and age group.
Figure 4 - Change AUSDRISK scores with 95% CI by age group.
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Changes in Anthropometric Measurements of Participants
In addition to the changes in AUSDRISK scores, changes in anthropometric measures like BMI, BFI and
WHt were worth delving into. The table in Figure 5 shows changes in BMI, BFI and WHt from baseline to
follow up split by gender, age group and time of participation in ph360’s program. There were general
reductions(improvements) in the anthropometric measures especially in women across all age groups.
Improvements were also quite significant after testing for differences in means of the anthropometric measures
at baseline and at follow up using paired sample t-tests. Improvements among men were also observed but
they were less significant because of limited sample sizes in each cluster of age group and time spent in
program. Similar results were also observed in the “high risk” group defined earlier (see Appendix for results).
Table 5 - Changes in BMI, BFI and WHt.
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Figure 6 shows the trends in the changes in anthropometric measures over the duration of the program. The
linear trend shows general steady improvements over time in BMI, BFI and WHt with faster improvements
observed in female participants.
Figure 6 - Changes in BMI, BFI and WHt with 95% CI.

Figures 7 and 8 show the trend of changes in the anthropometric measures over time just like in Figure 6 but
with adjustment for age group. There were improvements across the different age groups as indicated by the
downward linear trend in anthropometric measures like BMI and BFI, especially in women. Once again, the 2
male participants in the 70+ age group were outliers in the general trend analysis.
What is interesting to note is that the WHt had a more slow and steady decrease across age and gender groups,
but a much stronger overall decline for women.
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Figure 7 - Changes in BMI and BFI by age group.

Figure 8 - Changes in WHt by age group.
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Changes in Conditions of Participants
In addition to anthropometric measurements, changes in conditions and lifestyle choices of participants were
also of interest. The variables of interest captured by the survey questions are the diagnosis of hypertension,
hypoglycemia, high cholesterol, living a sedentary lifestyle and whether participants were smokers, because all
of these are important contributors to the overall risk of cardiovascular disease. Among those who declared the
respective issues at baseline, there was a 72.6% decrease in participants with hypertension, a 79.2% decrease
in participants with dysglycemia, and a 86.1% decrease in participants with high cholesterol. Among the 40
participants who declared being smokers at baseline, 19 had quit smoking (a 47.5% decrease). Finally, there was
a 12.7% decrease in sedentary lifestyle.
Figure 9 shows overall improvement in lifestyle and conditions of all participants (including those who didn’t
declare any of the variables of concern at baseline). The greatest improvement were seen in participants with
hypertension (about 3.9% reduction in diagnosis), followed by hypoglycemia (1.4% reduction in hypoglycemia
diagnosis) and high cholesterol (1.1% reduction in high cholesterol). There was a small reduction number of
people who smoked (0.9% decrease in percentage of smokers). Unfortunately, there was very little improvement
in the overall percentage of participants reducing their sedentary lifestyle.
Figure 9 - Changes in participants’ conditions and lifestyle.
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Table 4 shows the percentage of changes for each condition and lifestyle of the study participants after
adjusting for age group, gender and time spent in the program. Improvements were seen especially among
women with hypertension while there were increases (deterioration) in sedentary lifestyle among some clusters
of participants.
Table 4 - Changes in participants’ condition and lifestyle at follow-up.
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Linear Regression Analysis
To assess whether there was a reduction in the risk of developing diabetes among participants, we conducted
a linear mixed effect regression model with random intercept for each participant adjusting for age, gender and
total follow up time in days. Furthermore, a ‘Time’ indicator variable was included in the model which keeps track
of whether a particular observation is the baseline (starting AUSDRISK), follow up (final AUSDRISK at follow up)
or an in-program value (AUSDRISK scores measured between baseline and follow up) of any participant. The
effect of this ‘Time’ variable was also allow to vary by subject since subjects will experience different levels of
improvement over time depending on how well they follow the program. Results (Table 1) showed a significant
(p < 0.0001, t = -9.42) decrease of 0.91 in AUSDRISK scores from baseline to follow up time after adjusting
for age, gender and follow up time. Furthermore, the longer participants remained in the program, the better
their improvements were (an average 0.0011 decrease in AUSDRISK scores for every additional day spent, p
<0.0001).
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Conclusion
ph360’s personalized health and wellness program was significantly effective in reducing the risk of developing
type 2 diabetes among participants. The most impressive improvements were seen in female participants
between the ages of 40 and 70 years. Fewer significant improvements in the risk of diabetes were observed
among male participants mainly because there were few male participants that likely lead to unreliable results
for this group. Generally, almost all of the 1,690 participants of ph360’s wellness program showed some form of
improvement, with a couple elderly men above the age of 70 being outliers in the data.
Contributing factors for this improvement included significant reductions in anthropometric measures like body
fat index (BFI), body mass index (BMI) and Waist to Height ratio (WHt). The recommended food and lifestyle
choices by the ph360 program also contributed to the reduction in percentage of participants with hypertension,
hypoglycemia, and high cholesterol. There was also a slight reduction in smoking among participants. Despite
the sedentary lifestyle among participants showing little overall improvement, there seemed to be an increase in
the number of participants engaging in exercise by follow up.
Of particular interest were participants with higher initial indicators of developing type 2 diabetes. The separate
analysis of this high risk group showed greater improvements in AUSDRISK scores for both males and females
and across age groups. While men showed a slow and steady decrease in AUSDRISK scores, women showed
more steep and fluctuating decrease in AUSDRISK scores.
Results of the linear mixed effect model with AUSDRISK as the primary outcome showed a significant decrease
of 0.91 in AUSDRISK scores from baseline to follow up after adjusting for age, gender and follow up time.
Furthermore, participants experienced significant improvement as the number of days spent in the program
increased with a clear correlation showing that the longer a participant stayed in the program the lower the risk
of diabetes would be.
The study was however limited by the small number male participants, especially in the elderly age group.
This made the trend of AUSDRISK ad anthropometric measures for this age group quite unreliable but worth
investigating in future studies.
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Appendix
Appendix A - Change in AUSDRISK for High Risk Group.
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Appendix B - Change in Anthropometric measures for High Risk Group.
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Appendix C - Change in Condition/Lifestyle for High Risk Group.
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Appendix D - AUSDRISK Assessment Tool. Source: Diabetes Australia.
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