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Abstract
In an intervention study for functional foods, the study population is often a mixed group of healthy individuals and/or those who are not so 
healthy but are not definitely disease. For such heterogeneous populations, we propose an alternative approach for evaluating the efficacy of dietary  
supplements and functional foods based on a changepoint regression model (CPRM). The CPRM can be performed without stratified or subgroup 
analysis. By using profile likelihood methods based on the Akaike information criterion, inferences can made easily using standard statistical 
software. The proposed method was applied to skeletal muscle ratio study data, and the merit of the proposed method was demonstrated by 
comparing it with the conventional method.
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Introduction
   A clinical study examines the effects of an intervention in 
humans, whereas an intervention study aims to verify the 
effect of an experimental intervention. A clinical trial in drug 
development is equivalent to an intervention study. In addition, 
human intervention research is important not only in drug 
research, but also in research on functional foods and nutrients 
such as vitamins. 

Recently, functional foods have become popular and are widely 
used. Just as with drugs, the efficacy and safety of dietary 
supplements and functional foods should be evaluated from a 
scientific viewpoint. The regulations regarding the operation of 
clinical trials for functional foods are basically the same as those 
for drugs, including ethical considerations for volunteers and the 
registration system for trial protocols. Thus, clinical trials are 
similar in both areas of study. 

However, we must be mindful of the characteristics of the study 
participants in functional foods studies. This is because the range 
of people who use functional foods should span from those who 
are healthy to those with borderline disease. This is one of the 
major differences between using pharmaceuticals and functional 
foods.The health claim evidence requirement guidelines of Food 
for Specified Health Uses (FOSHU) in Japan are a good reference 
for setting the inclusion criteria for participants in clinical trials 
of functional foods [1-3]. One of the requirements for FOSHU 
approval is evidence of effectiveness in a clinical study that 
was conducted as a randomized controlled trial (RCT) [3,4]. 
An example is the case of FOSHU having the effect of lowering 
serum triacylglycerol (TG). Generally, study participants are 
recruited from 2 categories: those with TG levels at the high end 
of the normal range (120-149 mg/dL) and those with borderline 

TG levels (150-199 mg/dL) are targeted. At this time, the TG 
-reduction effect size may depend on the TG value before the 
intervention. 

One of the most desirable methods is to evaluate reduction 
effects based on data from an RCT. Various approaches, such as 
randomization procedures, blinding, and so on, that are used in 
evaluating drugs, as well as most of the statistical methods that 
are used in drug development, are quite useful for evaluating 
dietary supplements and functional foods. In the case of FOSHU 
having a serum TG-lowering effect, it may be better to show the 
results of the TG reduction effect by stratified analyses, dividing 
the study participants into subgroups of those with normal TG 
and borderline TG levels.

Among these approaches, the t test and analysis of covariance 
(ANCOVA) methods are often applied for the efficacy evaluation 
of dietary supplements and functional foods. For example, Nagao, 
et al. [5] and Tsuji, et al. [6] applied the t test in evaluating the 
efficacy, respectively, of diacylglycerol and medium-chain TGs 
in anti-obesity remedies; the change from baseline for obesity-
related parameters, such as visceral fat area, body weight, and 
body mass index, were compared between 2 experimental groups. 
Nagao, et al. [5] also applied ANCOVA to test the decreasing effect 
of diacylglycerol on visceral fat area. 

However, these methods assume the effect of constant treatment 
on a study population. Although an experimental drug may be 
expected to be effective regardless of baseline observations, this 
is not always true in the evaluation of dietary supplements and 
functional foods. The main reason for this difference is the fact 
that when a mixture of healthy individuals and those who are not 
so healthy but not definitely ill (called borderline participants) 
are enrolled in a study, the magnitude of the efficacy among 
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Figure 1: The concept of Change Point Regression Model (CPRM)
A: Scatter plot of Pre-Post design
B: Two type of CPRM
Type A: yi = α + β1xi + I(xi > xcp )(xi - xcp ) gi + εi
Type B: yi = α + β1xi + I(xi < xcp )(xi - xcp ) gi + εi

healthy individuals tends to be less than that among borderline 
participants. This heterogeneity may cause a loss in the 
effectiveness of the t test and ANCOVA, and therefore, the estimate 
of the treatment effect may be misleading if a homogenous study 
population is assumed.

To solve these problems, Hayamizu, et al. [7] proposed a 
changepoint regression model (CPRM) for the analysis of 
functional food efficacy using clinical study data of anti-visceral 
fat-decreasing effects of (-)-hydroxycitric acid [7]. The CPRM is 
an analysis method that considers the onset point (change point) 
of the effect of the treatment group. The model does not require 
the assumption of a constant treatment effect and provides a 
clinically interpretable result. Recently, the CPRM was applied 
for an analysis of the ventricular contraction pattern in healthy 
children[8], an analysis of the definition of the neonatal period 
with echocardiographic examination [9], an estimation study of 
protein or amino acid requirements [10-19], and ananalysis of 
knee pain improvement by neuromuscular electrical stimulation 
treatment in the orthopedics field [20].

In intervention studies, to verify an intervention effect, 
participants are divided into groups, and the preintervention 
and postintervention values of the efficacy index are obtained 
for a given individual. Next, the existence of the intervention 
effect is verified by data analysis. Although multiple post 
interventionvalues can be acquired during follow-up, here, 
only the final values for post intervention data are considered. 
Therefore, repeated measurements are limited to 2 points before 
and after the intervention. This is called a pre-post design. 

Pre-post tests are conducted to adjust for the effects of confounding 
factors and evaluate intervention tests in small sample sizes. The 
state of the raw data of a pre-post design could be expressed 

using a scatterplot like that in figure 1A. The preintervention, 
postintervention, or pre-post values can be plotted on either axis 
of the scatterplot. In a scatterplot, the data of 1 participant can be 
presented as a single point with 2 coordinates. When applying the 
CPRM to a pre-post study, there are theoretically 2 case types for 
the model assumed:

  • Type A: The intervention reduces the outcome measure (e.g., 
anti-obesity effects, hyperglycemia, or hyperlipidemia).

   • Type B: The intervention increases the outcome measure (e.g., 
bone density, muscle mass, or blood ferritin level).

In both cases, if there is a threshold or changepoint (i.e., the point 
at which the effect appears), it can be used to differentiate a type 
A or type B pattern (Figure 1B). Hayamizu, et al. [7] reported the 
usefulness of the CPRM using the case of type A but did not verify 
the usefulness for type B. In addition, the properties of an analysis 
using the CPRM have not been examined. In this study, we report 
the verification in a CPRM analysis assuming an RCT of type B.

Methods
The CPRM
   The CPRM of type B, which considers differential baseline 
effects, is as follows:

yi = β0 + β1xi + β2I (xi < xcp)(xi– xcp) gi + εi (i= 1, 2, 3, …, n)  ((Eq 1)

where n is the number of participants, yi is the observation at 
the study’s end of participant i or the change from baseline after 
treatment, xi is the observation at baseline of participant i, xcp is 
a constant, gi is the group indicator (control = 0; treatment = 1), 
and I (·) is an indicator function defined as I (xi < xcp) = 1 if xi ≧ xcp 

and as 0 otherwise. 
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The regression lines for the 2 groups are different for xi< xcp and 
the same for xi ≥ xcp. Then, xcp is regarded as a changepoint of 
the relationship of the observations at baseline and those at the 
study’s end; this model is called the CPRM [7]. If the CPRM fits 
the data well and β2≠ 0, the treatment is effective for participants 
with observations at baseline of less than xcp. Thus, xcp is a useful 
indicator of whether the treatment provides benefits.

To estimate the regression coefficients and the changepoint, we 
use the maximum profile likelihood approach. For a fixed xcp, the 
CPRM is regarded as a special case of ordinal linear regression 
models. This implies that the regression coefficients can be 
easily estimated by the standard maximum likelihood methods 
for linear regression models and that one can obtain estimators 
with any standard software package that can handle linear 
regression models. We propose applying the CPRM with various 
changepoints xcp and selecting the optimal changepoint by using 
the Akaike information criterion(AIC):

AIC = −2(maximum log-likelihood) +2p, 

where p is the number of unknown parameters of the model [21].

In the CPRM, the null hypothesis (H) and the alternative 
hypothesis (K) when testing the difference of the outcome 
measure are as follows:

H: β2 = 0; K: β2 ≠ 0

Comparison with the conventional method was performed by 
the ttest, ANOVA without interaction (ANCOVA 1), and ANCOVA 
with interaction (ANCOVA 2) [7]. The models of ANCOVA1 and 
ANCOVA2 are as follows, respectively: 

yi = β0 + β1xi + β2gi+ εi                             (Eq 2)

yi = β0 + β1xi + β2gi + β3xi 
. gi +εi.             (Eq 3)

Simulation for the Propertiesof CPRM Analysis

A simulation study was conducted to examine the features of the 
CPRM in a pre-post study. The items to be examined were (1) 
the effect of sample size, (2) the effect of intervention effect size, 
(3) the effect of change point position, and (4) the effect of data 
variation.

In all cases, we repeated the simulation 2000 times, and the 
model described by equation 1 has a normally distributed error 
term εi. Pre-post studies in functional food evaluation are often 
conducted at a preliminary study level with a relatively small 
sample size. Therefore, the sample size of 1 group was examined 
at n = 10, 20, and 30. The magnitude of the intervention effect size 
is determined by the value of β2. In the simulation experiment, β2 

was examined in the range of -1.1 to -0.1. For examination of the 
effect of data variation, the coefficient of variation (CV) was set up 
as 4 to 29%. The change point in equation 1 should be within the 
range of preintervention values for all participants. Therefore, 
the position of the change point was set by the percentile points 
of the preintervention values of all participants. The position of 

the change point was set in the range of the 5th to 90th percentile 
points.

Application Data (Black Ginger Study)

Black ginger (Kaempferia parviflora) is a plant native to Thailand, 
where it is well known as Krachaidumin Thai. The rhizome has 
been used as a folk medicine to improve blood flow, inflammation, 
allergies, and gastrointestinal dysfunction [22-25]. In addition, 
Kaempferia parviflora extract (KPE) induced an increase in 
skeletal muscle ratio (SMR) in young Japanese women [26].  That 
study was a preliminary test with a small sample size (n=20) and 
was conducted in a placebo-controlled, double-blind manner. The 
participants were randomly divided into 2 groups to receive either 
KPE (n = 10) or placebo (n = 10), and the treatment period was 4 
weeks. The researchers performed ANCOVA for preintervention 
SMR and change in SMR after treatment. 

For application to a CPRM analysis, the pre- and post-intervention 
SMR levels of each individual were obtained using the software 
Plot Digitizer X [27] from scatterplots of the article [26]. The 
reproducibility of the actual data with the data obtained from 
PlotDigitizer X is high, and it was confirmed (r = 1; y = 0.9996x 
+ 0.0045)[28]. Therefore, we determined that using the data 
obtained from Plot Digitizer X was feasible for CPRM applications.
All statistical analyses were conducted using R, version 3.6.1 [29].

Results
   Simulation Study

 Table 1 shows results of the simulation study of the intervention 
effect magnitude. The magnitude of the intervention effect size 
depends on the absolute value of β2. 

The simulation was performed under the conditions that n = 20 
and CV = 0.18, and the change point position was the median 
preintervention value.When β2 was -0.56 or less, a statistically 
significant difference between the treatment group and the 
control group was stably observed.

The effect of data variance for CPRM analysis is shown in table 
2. The simulation was performed under the conditions that β2 

was set at -1.0 and the change point position was the median 
preintervention value. When the number of participants in 1 arm 
was 10 or 20, no significant difference was observed in the CVs, 
which were >0.1 and >0.2, respectively. On the other hand, under 
these simulation conditions, a statistically significant difference 
was observed at CV <0.29 at n = 30. The effect of the change point 
position for the CPRM analysis is shown in table 3. The simulation 
was performed under the conditions that β2= -0.6 and CV =0.18. 
Under these conditions, when n = 10, a significant difference 
between groups was stably observed when the position of the 
change point was above the 60th percentile of the preintervention 
value. As the sample size increased, a significant difference was 
observed even at the 50th percentile change point.

Example of a CPRM Application 

Figure 2A shows the AICs for various CPRMs in the black 
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Table 1: Effect of β2 to change-point regression model analysis in 
pre-post design study

β2

p-value

n =10 n = 20 n = 30

-0.1 <0.01 <0.01 <0.01

-0.9 0.01 <0.01 <0.01

-0.8 0.03 <0.01 <0.01

-0.7 0.07 0.01 <0.01

-0.6 0.14 0.03 <0.01

-0.5 0.24 0.08 0.02

-0.4 0.37 0.21 0.09

-0.3 0.50 0.34 0.22

-0.2 0.59 0.51 0.41

-0.1 0.66 0.63 0.56

Table 2: Effect of variance to change-point regression model 
analysis in pre-post design study

CV
p-value

n =10 n = 20 n = 30

0.29 0.349 0.135 0.047

0.27 0.318 0.121 0.038

0.25 0.270 0.079 0.027

0.24 0.234 0.064 0.020

0.22 0.212 0.051 0.011

0.20 0.169 0.036 0.005

0.18 0.148 0.024 0.004 

0.16 0.128 0.014 0.002 

0.15 0.093 0.007 0.001 

0.13 0.069 0.005 <0.0005

0.11 0.051 0.002 <0.0005

0.09 0.022 <0.0005 <0.0005

0.07 0.019 <0.0005 <0.0005

0.05 0.007 <0.0005 <0.0005

0.04 0.003 <0.0005 <0.0005

Table 3: Effect of change point position to change-point 
regression model analysis in pre-post design study

CP Position
p-value

n = 10 n = 20 n = 30

0.05 0.669 0.654 0.628

0.10 0.676 0.666 0.642

0.20 0.665 0.592 0.552

0.30 0.552 0.432 0.309

0.40 0.357 0.160 0.059

0.50 0.154 0.048 0.003

0.60 0.034 <0.0005 <0.0005

0.70 0.003 <0.0005 <0.0005

0.80 0.000 <0.0005 <0.0005

0.90 0.000 <0.0005 <0.0005

ginger study. The model with the changepoint of 26.9% has the 
minimum AIC in the CPRM and, therefore, is most preferable. In 
table 4, the AICs for the linear regression model with only a group 
indicator as explanatory variables (t test), the ANCOVA model 
(Equation 2 and 3), and the CPRM with the changepoint of 26.9% 
are presented. The results indicate that the CPRM fits better than 
the t test or ANCOVA models. Thus, we selected the CPRM with a 
changepoint of 26.9% as the final model.

The interaction term is statistically significantly for values far 
from 0 (p = 0.0003) (Table 5). It indicates that the CPRM fits 
well with the data. For preintervention SMR values over 26.9%, 
both groups show the same slope (β1= 0.7631), meaning that for 
participants with baseline measurements above 26.9%, there is 
no difference in intervention efficacy between the placebo and 
KPE groups (Figure 2B). For preintervention SMR values less 
than 26.9, only for the placebo groups was there no change in 
slope. On the other hand, the slope of the KPE group declined 
from 0.763 to -1.071, meaning that for participants with baseline 
measurements of less than 26.9%, there is a significant difference 
in the intervention efficacy between the placebo and KPE groups, 
with an SMR increase of approximately 1.83 times in the KPE 
group compared to the placebo group p = 0.0003. This result 
implies that KPE is effective for individuals with baseline SMR 
measurements of less than 26.9% and that the magnitude of its 
effectiveness is associated with baseline measurements.

Table 4: AIC of CPRM and ANCOVA models for Black ginger study

Model AIC p-value

CPRM with xcp of 26.9 (Equation 1) 68.54 0.0003

ANCOVA1 (Equation 2) 75.94 0.0100

ANCOVA2 (Equation 3) 72.09 0.0183

t-test 84.49 0.0196

Table 5: ANOVA table of CPRM

Estimated coefficient SE t-value p-value

β0 6.193 3.357 1.845 0.0825

β1 0.763 0.124 6.139 0.0001

β2 -1.071 0.240 -4.460 0.0003
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Figure 2: An application of CPRM to black ginger study
The open and closed circle mean placebo and KPE group, respectively. Panel A is profile of AICs of CPRM with a change point of xcp: minimal AIC at-
tained at xcpis 26.9%. Panel B is scatter plot of SMR at the study end versus Pre SMR with regression lines for placebo (dashed line) and KPE groups 
(solid line) by CPRM with change point of 26.9% in black ginger study, and the KPE group was effective only for participants with Pre SMR less than 
26.9%.

Discussion
 The CPRM is a natural approach for dietary supplements and 
functional foods in the sense that, because these are used by 
both healthy individuals and those with borderline disease, their 
efficacy may not be homogeneous among this entire population. 
We think that desirable dietary supplements have efficacy in 
mild ways and are unable to bring about a change that is equal 
to maintaining the body condition of healthy individuals. Their 
efficacy can be examined by applying the CPRM and checking 
whether the changepoint is within the normal range of the 
endpoint at baseline.

In this paper, we reconfirmed the use of the CPRM to evaluate 
the efficacy of dietary supplements and functional foods data, 
especially in a 2-armed comparative study.

Hayamizu, et al. [7] first proposed the CPRM for evaluating 
the efficacy of dietary supplements and functional foods data, 
but there are still few applications in RCTs. They reported the 
usefulness of the CPRM using the case of type A [7] but did not 
verify the usefulness for type B in addition, the characteristics of 
analyses using the CPRM have not been reported. 

As a result of the simulation experiment, it was observed that the p 
value decreased depending on β2, which indicates the magnitude 
of the intervention effect and the sample size. The β2 conditions 
that showed a significant difference in type B were the intensities 
of -0.8, -0.6, and -0.5 when n = 10, 20, and 30, respectively (Table 
1). This simulation result can be applied as it is, even in the case 
of type A,because the CPRM of type A is as follows:

yi = β0 + β1xi + β2I (xi  > xcp)(xi  – xcp)  gi+ εi,     (Eq 4)

and β2 indicates the magnitude of the intervention effect, similar 

to Equation 1.

In addition, the effect of data variation strongly depends on the 
sample size, and it is considered that a significant difference is 
stably observed when the sample size of 1 group is 30 or more 
(Table 2). In addition, the influence of the position of the change 
point with respect to the preintervention value is strong, and no 
significant difference is observed below the 30th percentile of the 
preintervention value. On the other hand, a significant difference 
is stably observed at the 60th percentile and above. Therefore, the 
position of the change point is important. In type B, if a change 
point is found near the maximum value of the preintervention 
value, the result should be equivalent to ANCOVA 2 in type 
B.The models with changepoints near the boundary should be 
excluded from the candidate models. In other words, the range 
of the changepoints should be determined in advance of model 
selection. Future research should examine how to determine this 
range.

We demonstrated the application for the type B scenario using 
the black ginger study (Figure2). From the AIC profile, the best-fit 
change point is estimated to be 26.9% of the preintervention SMR 
(Figure 2A), and in addition, the CPRM better fit the application 
data than the conventional analysis method (Table 4). SMR was 
measured by the impedance method, and the standard range of 
SMR of young women was from 26 to 27.9 [26]. In the present 
study, we found that for participants who were at less than 26.9% 
of the preintervention SMR, which was in the middle of the 
standard range, the improvement was statistically clear, whereas 
participants who were at more than 26.9% showed no difference 
from the placebo group.This result is considered favorable from 
the viewpoint of preventive medicine and the safety of functional 
foods.
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In a type B study, Matsuse, et al. [20] performed a CPRM for 
the efficacy of neuromuscular electrical stimulation treatment 
on knee flexion evaluation[20]; that was the first report of the 
application of the CPRM for a type B study. They modified the 
model of Hayamizu, et al. [7] and used a model in which the effect 
of the preintervention value was different between the control 
group and the intervention group even before reaching the 
change point. The modified CPRM of type B is as follows:

yi = μ + α(1 –gi) + β1gixi + β2(1– gi)xi + β3I (xi < xcp)(xi– xcp) gi+ εi.   
(Eq 5)

The model equation implies that the control group has a straight 
line, while the rate of response changes at the baseline xcp among 
the intervention group. However, the effect of the preintervention 
value before the intervention effect appears is also based on the 
condition that it varies from group to group. This is the difference 
point from our model; that is, the control group (gi= 0) response 
is modified as y = (μ +α) + β2xi When the baseline value is less 
than xcp, the intervention group (gi= 1) response is y = (μ – β3xcp) 
+ (β1+β3)xi, the slope change from β1 to (β1+β3). In the modified 
CPRM, the null hypothesis (H) and the alternative hypothesis 
(K) when testing the difference of the outcome measure are as 
follows:

H: β3 = 0, K: β3 ≠ 0.

Note that comparing equation 1&5 doubles the parameters that 
must be estimated.

When the equation 5 model was applied to the black ginger study, 
the p value of β3 was p = 0.0734, and no significant difference was 
observed. The AIC of equation 5 was 69.67, and the fitting also 
was slightly inferior to that of equation 1. From these results, it 
was concluded that the simpler Equation 1 was superior in the 
test with a small sample size. Thus, our approach is especially 
attractive when the sample size is not so large.
Conclusion 
  We have proposed a new approach for the efficacy evaluation 
of dietary supplements or functional foods based on a CPRM. By 
using AIC-based profile likelihood methods, inferences can easily 
be made with standard statistical software. The proposed method 
was applied to the black ginger study data, and the merit of the 
method was demonstrated by comparing it with the conventional 
method.
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