
Background: Chronic low back pain (CLBP) affects over 20% of adults worldwide. Despite the 
socioeconomic burden caused by this condition, there is no gold standard treatment for CLBP, and its 
etiology remains nonspecific in 85% of cases. Available evidence indicates that CLBP patients have higher 
postprandial glycemic responses to beverages that rank high on the glycemic index and that this finding 
correlates with pain severity. Therefore, understanding modifiable factors that predict blood glucose 
regulation in CLBP patients could reveal important information for the management of the condition. 

Objectives: This study aimed to (1) examine the relationship between predictor variables and the 
overall glycemic response, measured by the incremental area under the curve (IAUC), and (2) assess the 
temporal changes in patients’ blood glucose levels immediately after sucrose intake. This dual approach 
enables a nuanced understanding of both the cumulative and immediate impacts of sucrose intake on 
glycemic control, facilitating insights into personalized management strategies for mitigating glycemic 
variability.

Study Design: A secondary analysis of a case-control randomized controlled crossover trial to identify 
predictive factors for impaired blood glucose regulation.

Setting: Vrije Universiteit Brussel, Belgium.

Methods: Individuals with chronic low back pain (CLBP) were randomized to consume either a sucrose 
or isomaltulose beverage. Body composition, dietary intake, physical activity levels, psychological factors, 
and blood glucose levels were measured. Multiple linear regression was used to examine the relationship 
between baseline variables and postprandial glucose response following intake of the high–glycemic 
index beverages, and a linear mixed model (LMM) was applied to assess the relationship between sucrose 
intake and identified potential predictors.

Results: Our findings revealed that higher weight (P < 0.001; t = -4.06), higher age (P = 0.003; t = 
3.06), higher inflammatory dietary properties (P = 0.025; t = 2.28), worse mental health (P = 0.021; t = 
2.34), and lower diet quality (P = 0.002; t = 3.22) were associated with a significant predictive value for 
altered postprandial sucrose responses. 

Limitations: This study is a secondary analysis of a crossover case-control trial, so causal interpretations 
should be made cautiously. Additionally, postprandial glucose was measured using a self-monitoring 
finger-prick device, which lacked real-time data, and the findings were specific to women and may not 
apply to men.

Conclusion: These results confirm the potential relevance of targeting lifestyle factors in people with 
CLBP.

Key words: Low back pain, body composition, age, diet, inflammation, mental health, healthy 
controls, secondary analysis
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LLow back pain is recognized as the leading cause 
of disability worldwide (1,2). The condition is 
characterized by high prevalence rates and many 

progressing into chronicity (i.e., chronic low back pain 
[CLBP], defined as pain persisting for more than 3 
months) (3,4). Despite the high socioeconomic impact 
of CLBP, there is to date no gold standard treatment 
for the condition, with current strategies showing 
only moderate treatment effects (5). Moreover, the 
etiology in over 85% of cases is classified as nonspecific, 
highlighting the complexity of this condition (6). 

Given the limited efficacy of existing treatments 
for CLBP, uncovering the mechanisms of the condition 
is needed to guide the development of novel therapeu-
tic strategies for it. A recently completed randomized 
crossover experiment found that the postprandial gly-
cemic response to beverages that ranked high on the 
glycemic index (GI) (in this case, beverages containing 
large amounts of sucrose and isomaltulose) was signifi-
cantly greater in individuals with CLBP than in healthy, 
pain-free controls (7). Moreover, the postprandial gly-
cemic response to sucrose in the CLBP group was associ-
ated with greater pain severity and pain interference, 
underscoring clinical significance of the response (7). 
In contrast, no significant differences between groups 
were found in the postprandial glycemic response to a 
low-GI beverage (7).

In this paper, we report on a secondary analysis of 
the previously mentioned study to identify lifestyle-
related factors that may predict impaired blood 
glucose regulation in individuals with CLBP. This ad-
ditional analysis is driven by separate observations 
linking lifestyle factors to blood glucose regulation and 
pain intensity (8-10). Despite the potential impact on 
treatment, there is currently no evidence linking these 
elements to eachother in cases of CLBP. While the pre-
cise mechanisms underlying the relationship between 
chronic pain and altered glucose metabolism are not 
fully understood, existing evidence suggests that dys-
functional glucose processing may contribute to the 
persistence and exacerbation of chronic pain (7,11). In-
deed, elevated glucose levels can promote central ner-
vous system sensitization via the upregulation of high 
mobility group protein B1, which modulates inflamma-
tory responses in the neurons of the dorsal root ganglia 
(12). Moreover, the glucocorticoid system is proposed as 
a mediator linking inflammation, glucose metabolism, 
and pain (13). Lifestyle factors and glucose metabolism 
show well-established links to body composition and 
glucose dysregulation (14). There is evidence regarding 

the influence of lifestyle factors such as physical activity 
on glucose metabolism, blood glucose regulation, and 
insulin resistance (15-17). Furthermore, psychological 
distress can disrupt the hypothalamic-pituitary-adrenal 
axis, influencing glycemic control and contributing to 
the development of metabolic syndrome (18,19).  

Objectives
By examining the potential predictive role of 

lifestyle factors in impaired glucose regulation 
among individuals with CLBP, this study aims to inte-
grate these observations into a unified analysis, con-
tributing to a more comprehensive understanding of 
how lifestyle modifications may influence metabolic 
responses and pain management in CLBP patients. 
Specifically, this study aimed to characterize glycemic 
response patterns following sucrose intake, focusing 
on both the total postprandial glucose response and 
dynamic changes in blood glucose levels over time. 
We sought to accomplish 2 goals: Our first was to ex-
amine the relationship between predictor variables 
and the overall glycemic response, measured by the 
incremental area under the curve (IAUC). Our second 
was to use linear mixed models (LLMs) to assess the 
temporal changes in blood glucose levels immedi-
ately after sucrose intake. This dual approach was 
intended to enable a nuanced understanding of both 
the cumulative and immediate impacts of sucrose 
intake on glycemic control, facilitating insights into 
personalized management strategies for mitigating 
glycemic variability. While no evidence on this topic 
is currently available, this paper aims to add guid-
ance regarding the impact of lifestyle factors on the 
underlying mechanisms of chronic pain through glu-
cose metabolism and the possibility that these factors 
may be effective prevention options. 

Methods

Study Design and Setting
This study is a secondary analysis using the data 

from a case-control randomized controlled crossover 
trial (Clinicaltrials.gov NCT04459104) conducted at Vrije 
Universiteit Brussel, Belgium. Data collection took place 
between September 2020 and December 2022. The 
study was approved by the Medical Ethics Committee of 
the University Hospital Brussels (BUN1432020000025). 
Full details of the trial design and primary analysis are 
available (7,24). Fig. 1 represents the flow of the study 
design. 
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Patients and Sample Size 
A sample of female patients (n = 106) was recruited 

through posters and fliers. Patients were eligible if they 
spoke Dutch and were between 18 and 65 years of age. 
For the patients, CLBP was defined as a state of experi-
encing LBP at least 3 days per week for least 3 months. 
Patients with CLBP were excluded if they suffered from 
a systemic or cardiovascular disease, neuropathic or 
chronic widespread pain, or a specific spinal pathology. 
The potential presence of neuropathic pain was evalu-

ated using the DN4 and SLANSS questionnaires (25,26). 
The control group included pain-free, healthy women. 
To ensure the accuracy and reliability of the pain mea-
surements, neither the patients nor the healthy controls 
could consume analgesics, nicotine, caffeine, or alcohol 
for 48 hours before the experimental pain assessments.

Procedure and Measurements
Prior to any data collection, all patients read and 

signed the consent form. First, the answers to the DN4 

Fig. 1.  Flow of  the study design (created with BioRender.com, accessed on 02/26/2024). From Elma et al (7).
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and SLANSS questionnaires and data on body composi-
tion were collected. A bioelectrical impedance analysis 
device (TANITA MC780MA, Antares Group) was used to 
measure body composition. Outcomes included body 
weight, body height (measured with a seca® scale), fat 
percentage, water percentage, and body mass index 
(BMI) (27). TANITA has good psychometric properties 
for measuring body composition (28).

Afterward, the patients’ fasting blood glucose 
levels and postprandial glycemic responses were mea-
sured with a OneTouch Verio™ device (LifeScan, Inc.). 
OneTouch Verio™ uses a finger prick to collect a blood 
sample, which can be used independently by people 
who have no medical training (29,30). Patients were 
asked to visit the lab in the morning after an overnight 
fast of 10-12 hours and were allowed to ingest only 
water ad libitum. Two fasting blood samples were 
obtained 5 minutes apart to determine each patient’s 
fasting blood glucose level. An additional fasting blood 
sample was taken if the first 2 were more than 0.2 
mmol/L apart (31,32). The mean value was used in the 
analyses.

The procedure for measuring the postprandial gly-
cemic response was based on a study by Tan et al (32) 
and was conducted as a crossover trial design over 2 
nonconsecutive test days. Patients were given test bev-
erages containing 50 gr of isomaltulose (low GI = 32) or 
50 gr of sucrose (high GI = 65) dissolved in 250 mL of 
water in a random order. The patients were instructed 
to consume these beverages within 5 minutes. Blood 
glucose levels were collected at 15, 30, 45, 60, 90, and 
120 minutes after the consumption of the beverages. 
Each time, the first 2 drops of blood were discarded, 
and the third drop was used for testing. 

At the end of the session, each patient received 
a food diary in which to record her dietary intake for 
3 days. The assessor provided the patients with clear 
instructions on completing the diary within 2 weeks af-
ter the assessment session. From the data collected via 
the food diary, dietary intake levels and scores on the 
Healthy Eating Index (HEI) and Dietary Inflammatory 
Index (DII) were calculated. The remaining information 
was gathered through online questionnaires. Patients 
were required to document their physical activity on 
the International Physical Activity Questionnaire (IPAQ) 
and their quality of life and demographic details, in-
cluding age and symptom duration, on the 36-Item 
Short-Form Health Survey (SF-36) questionnaire. The 
IPAQ has moderate-to-high validity (33), while the 
SF-36 is a useful tool with high sensitivity (84.4%) and 

specificity (93.3%) as a predictor value of mental health 
issues (34). 

Selection of Predictors and Their Rationale 
for Selection

Body Composition
The relationship between body weight and glu-

cose metabolism is clear and widely described in the 
literature (14). Obesity is the most significant risk factor 
for the development of prediabetes and type 2 diabe-
tes (35). Moreover, compared to people with normal 
weight, diabetic patients with (pre-)obesity showed 
higher blood glucose levels (36).  In this study, BMI and 
fat mass percentage were measured to define the pro-
files of the patients. 

Diet Ingesta
Diet has a direct impact on the risk of develop-

ing insulin resistance. Although diet can be protective 
when the intake of fruits, vegetables, or healthy fats 
(e.g., linoleic acid) is adequate, it can also be a risk 
factor, such as when the patient ingests saturated fat 
excessively (14). Specifically, the excessive consumption 
of processed meat has been linked with increased risks 
of hyperglycemia and hyperinsulinemia, while a diet 
rich in fruits or vegetables is beneficial for cardiovas-
cular health and can decrease the prevalence of type 
2 diabetes and metabolic syndrome (37,38). Diet was 
included in the analysis through the use of the HEI, 
with a specific focus on the patients’ consumption of 
vegetables, fruits, and meat. 

Furthermore, the impact of alcohol on glucose 
metabolism remains complex and not fully under-
stood, influenced by multiple variables, including the 
dosage, the timing of consumption relative to meals, 
and whether the intake is acute or chronic. Evidence 
suggests that alcohol consumption can alter insulin 
secretion, potentially exacerbating glucose intolerance 
and elevating plasma glucose levels when consumed 
habitually (39,40). To quantify their alcohol intake, 
patients were queried about their consumption, which 
was measured in grams. 

Healthy Eating Index (HEI)
The HEI questionnaire is a measure of diet quality. 

A higher index indicates better diet quality (41). The 
link between HEI and various health conditions has 
been established in the literature; for instance, a lower 
score on the HEI is inversely associated with BMI and 
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obesity (42), and an improvement in HEI is associated 
with a decreased risk of the development of metabolic 
diseases such as prediabetes (43).

Dietary Inflammatory Index (DII)
The DII is a dietary index that classifies food based 

on its impacts on major inflammatory biomarkers. Each 
component is scored based on its inflammatory or anti-
inflammatory effects. These scores are standardized 
and added up to produce a total DII score. The higher 
the final score, the greater the pro-inflammatory prop-
erties of the diet (44). Higher scores have been related 
to obesity, metabolic syndrome, cardiovascular dis-
eases, increased risk of cancer, adverse mental health, 
and musculoskeletal disorders (45,46).

Physical Activity 
Physical activity can not only alter the risk of devel-

oping diabetes but can also enhance glycemic control 
markers, which is essential for both prevention and 
treatment (15,39,48). Studies show an inverse associa-
tion between the level of physical activity and altera-
tions in blood glucose levels (48). Moreover, the same 
association was found in patients who engaged in mild 
or moderate physical activity (49). 

Psychological Factors
Self-percieved general mental health was mea-

sured using the SF-36. In this secondary analysis, we 
focused particularly on the subscale of mental health 
(50), since it showed statistically significant differences 
between healthy controls and CLBP patients and a link 
with glycemic response (24). Moreover, other authors 
also show associations between glycemic variability 
and depression in patients (51). 

Glycemic Response 
Fluctuations in glycemic control have been associ-

ated with the risk of the development of type 2 dia-
betes and complications in patients without diabetes 
(48). This secondary data analysis included the blood 
glucose levels at the baseline and 60 minutes after the 
intake of the sucrose, as well as the positive IAUC of the 
postprandial glucose response to the sucrose beverage. 
The latter was determined by excluding the area under 
the fasting blood glucose level (52). This calculation 
was made using the Python programming language 
(Python 3.8). (See Appendix 1 for the corresponding 
source code.) The outcome measure was the glycemic 
response.

Statistical Analyses 
Data were analyzed using IBM SPSS Statistics 28.0 

(SPSS Corp). Baseline characteristics and demographics 
were reported using mean and standard deviation (SD), 
median and interquartile range (IQR), and frequencies 
(%). The normality of the data was assessed using the 
Kolmogorov-Smirnov test (KS), and P-values < 0.05 
were considered statistically significant.  

Firstly, multiple linear regression analysis was uti-
lized to examine the relationship between various pre-
dictor variables and the outcome variable, i.e., IAUC of 
the postprandial glucose response. Initially, a backward 
regression approach was employed to eliminate non-
significant predictor variables from the model, based 
on a predetermined significance level (P < 0.05 for 
entry and P > 0.10 for removal), and the variance infla-
tion factor (VIF) was used to check for multicollinearity. 
Additionally, residual plots, including histograms and 
normal probability plots, were generated to evaluate 
the assumptions of linear regression.

Secondly, an LMM was used to assess how blood 
glucose levels responded over time, particularly from the 
baseline to 60 minutes after the sucrose intake, while ac-
counting for the influence of individual and group-level 
factors. Unlike the first analysis, which focused on the to-
tal postprandial glucose response captured by the IAUC, 
this analysis specifically examined fluctuations in blood 
glucose at those 2 critical time points. This approach 
was valuable because it allowed us to capture dynamic 
changes in blood glucose in response to sucrose intake, 
providing a detailed understanding of the immediate 
glycemic response. By employing an LMM, we were able 
to incorporate random effects to account for individual-
level variability as well as fixed effects, like time and 
group interactions. Each step of the analysis served to 
address the variability and complexity of the blood glu-
cose response comprehensively. Univariate analysis was 
used as an initial filter to identify significant predictors, 
which established the most relevant variables. Multivari-
able model refinement based on Akaike information 
criterion and Bayesian information criterion allowed 
us to create a parsimonious model that adequately ex-
plained the variance in blood glucose changes. Model 
fit measures (ICCs and pseudo-R2) and model diagnostics 
ensured that the model accurately captured underlying 
patterns and temporal changes in blood glucose while 
addressing differences among the patients.

Results

One patient from the CLBP group was deleted 
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from the database because she did not return the food 
diary. Therefore, a total sample size of 105 people was 
examined, including 53 healthy controls and 52 CLBP 
patients. Sample characteristics can be found in Table 1. 
The 2 groups did not differ significantly at the baseline 
in age, weight, height, or body fat percentage. The 
CLBP group had significantly lower HEI scores, indicat-
ing poorer diet quality compared to healthy controls 
(P = 0.01). Additionally, the patients in the CLBP group 
had more inflammatory diets, as reflected by a higher 
DII (P = 0.003). Mental health scores were better in the 
healthy controls (P = 0.026). The CLBP patients were 
more physically active, according to the moderate ac-
tivity subscale of the IPAQ (P = 0.005). Lastly, healthy 
controls had a higher vegetable intake than the CLBP 
patients did (P = 0.010). Neither meat intake nor fruit 
intake was associated with differences between CLBP 
patients and healthy controls. Although the group dif-
ferences in this variable are noteworthy, alcohol intake 
was similarly not associated with significant differences 
between groups. 

The regression analysis revealed significant as-
sociations between several predictor variables and 
the outcome variable (postprandial glucose response) 
in the multivariable model (F(7,97) = 7.597, P < 0.001, 
adjusted R² = 0.307). Individuals with CLBP had sig-
nificantly higher postprandial glycemic response scores 
(in response to sucrose) than did healthy controls (P = 
0.002). Age (P = 0.003), weight (P < 0.001), and DII (P = 
0.025) were directly associated with the postprandial 
glycemic response in patients with CLBP. Mental health 
(P = 0.021), HEI scores (P = 0.002), and total fruit com-
ponent scores on the aforementioned index (P = 0.016) 
were also significantly associated with the outcome 
variable (Table 2). The syntax can be found in Appendix 
2. 

The LMM analysis revealed that the glycemic 
response after sucrose intake exhibited a significant 
positive association with time (estimate = 26.08, 95% 
CI (17.43, 32.73), P < 0.001), indicating an increase in 
glycemic glucose response over time (60 minutes). The 
group variable (CLBP) did not affect the outcome sig-
nificantly (P = 0.111). Weight had a small but significant 
positive effect (estimate = 0.15, 95% CI (0.01, 0.28), P = 
0.035), while the effect of fruit consumption was not 
significant (estimate = 0.93, 95%CI (-0.10, 1.97), P = 
0.075). For the CLBP patients, the interaction between 
time and group was not significant (estimate = 8.20, 
95% CI (-1.25, 17.66), P = 0.088). The estimates of cova-
riance parameters indicated a residual variance of 3.88 

(SE = 23.13, P = 0.867), an intercept variance of 83.24 
(SE = 25.91, P = 0.001), and a time variance of 588.90 
(SE = 94.19, P < 0.001). The adjusted model’s intraclass 
correlation coefficient was 0.990, indicating that a sub-
stantial proportion of the variance was attributable to 
between-subject differences. The marginal pseudo-R² 
was 0.387, suggesting that the fixed effects accounted 
for approximately 38.7% of the variance, while the 
conditional pseudo-R² was 0.994, indicating that the 
full model, including both fixed and random effects, 
accounted for 99.4% of the variance (Table 3). The syn-
tax can be found in Appendix 3. 

Discussion

This secondary analysis investigated the associa-
tion of several lifestyle-related factors and an altered 
glycemic response in people suffering from CLBP. Re-
sults suggested that weight (P < 0.001; t = -4.06), higher 
age (P = 0.003; t = 3.06), higher inflammatory dietary 
properties (P = 0.025; t = 2.28), lower mental health (P 
= 0.021; t = 2.34) and lower diet quality (P = 0.002; t 
= 3.22) had a significant predictive value for altered 
postprandial sucrose responses.

These findings in patients with CLBP confirm find-
ings of earlier studies that have shown how lifestyle-
related factors such as dietary habits, physical activity, 
or gut microbiome composition can potentially predict 
postprandial glycemic responses in healthy people 
(53). Indeed, in an 800-person cohort (60% female; 
age: mean ± SD = 43.3 ± 13.1; BMI = 26.4 ± 5.1), fast-
ing glucose levels, BMI, and age were significant risk 
factors associated with postprandial glycemic response, 
showing similarities to the roles of body composition 
(although not reported as BMI in the present study) 
and age reported in our study. Importantly, this study 
concluded that the postprandial glycemic response 
among the sample of CLBP patients was highly vari-
able, despite the consumption of the same meals (53).

Chronic pain has been associated previously with 
other cardiovascular diseases and metabolic altera-
tions (19). Goodson et al showed that patients who 
presented more pain intensity were associated with 
metabolic syndrome. This factor contributes to the 
development of insulin resistance and elevated blood 
glucose (19). Additionally, it has been suggested that 
for obese women, the increasing frequency of elevated 
pain, higher blood glucose levels, and chronic pain was 
significantly correlated with higher fasting glucose 
levels (18). Results have shown that a healthful diet, 
particularly the consumption of fruits and vegetables, 
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may be considered a pos-
sible protective factor against 
CLBP. However, neither meat 
nor alcohol was a significant 
predictor in the present study. 
A systematic review and 
meta-analysis of randomized 
controlled trials did not find 
any indication that red meat 
consumption was a glycemic 
risk factor for the development 
of type 2 diabetes (54). Mean-
while, attempts to monitor the 
influence of alcohol intake on 
glycemic control and insulin 
action have also shown unclear 
results (40). Therefore, those 
previous results are confirmed 
by those of the present study. 

Mental health was also as-
sociated with the postprandial 
glucose response. This connec-
tion confirmed observations 
by other authors, who have 
shown the importance of this 
variable in individuals who suf-
fer from altered glycemic response and pain. “Patients 
tend to have worse physical functioning and mental 
health than individuals without pain” (55). Mental 
health issues such as depression have been reported 
in chronic pain conditions as a bidirectional associa-
tion and established as a predictor of chronicity (56). 
Lastly, physical activity has been reported massively as 
a protective factor in glycemic control, as part of the 
prevention of altered glucose response and also part 
of the solution when diseases such as diabetes develop 
(48,57,58). Physical activity “is an effective, cheap, and 
safe therapeutic option, given that it does not produce 
the adverse effects of pharmacological treatments or 
invasive techniques” (59).

It is important to highlight the clinical relevance 
of the results of this study. From a clinical perspective, 
we must consider the factors and lifestyle habits that 
we can modify in patients with chronic pain (9). The 
evidence for the relationship between neuroinflam-
mation and pain has grown increasingly strong (21); 
therefore, we should address as many factors as pos-
sible to create the most comprehensive rehabilitation 
program. Furthermore, the lifestyle-related approaches 
(diet, physical activity, and mental health) have been 

shown to be more effective in the regulation of altered 
glucose response when used together than when used 
separately (60). 

Although research on the metabolic topic of 
chronic pain conditions has expanded significantly 

Table 1. Sample characteristics of  CLBP patients and healthy controls (n = 105).

CLBP (n = 52)
Mean (SD)

HC (n = 53) 
Mean (SD)

Effect Size 
(Cohen’s d)

P-value 

Age 37.1 (12.7) 34.1 (9.8) 0.26 0.179

Weight (kg) 71.6 (15.0) 69.7 (12.1) 0.14 0.474

Height (cm) 163.3 (5.8) 164.6 (7.1) -0.19 0.328

BMI (kg/m2) 26.9 (6.0) 25.8 (4.9) 0.20 0.313

Body fat mass% 32.5 (7.0) 31.8 (6.8) 0.11 0.572

HEI 55.1 (14.9) 61.5 (9.6) −0.51 0.010*

DII 2.0 (1.6) 1.0 (1.6) 0.59 0.003*

Mental health (SF-36) 61.6 (20.6) 69.7 (15.6) −0.44 0.026*

Physical activity (moderate 
MET on IPAQ) 2,463.3 (2,679.3) 1,315.0 (1,060.3) 0.57 0.005*

Meat ingesta (saturated fats 
component of HEI) 4.54 (2.9) 3.60 (2.9) 0.326 0.862

Fruit ingesta (total fruit 
component of HEI) 3.59 (1.8) 3.48 (1.8) 0.65 0.931

Vegetable ingesta (total 
vegetable component of HEI) 3.86 (1.3) 4.66 (0.7) -0.073 0.010*

Alcohol ingesta (gr) 2.94 (7.1) 1.29 (4.4) 0.279 0.071

Abbreviations: n = number of patients; SD = standard deviation; kg = kilogram; cm = centimeter; 
BMI = body mass index; m = meter; IPAQ = International Physical Activity Questionnaire; MET = 
Metabolic Equivalent of Task; HEI = Healthy Eating Index, with a maximum score of 100, reflecting 
the best diet quality; DII = Dietary Inflammatory Index, with 0 being the healthiest score; SF-36 = 
36-Item Short-Form Health Survey, with a maximum score of 100, reflecting the best quality of life; gr 
= grams.

Variables Estimates
Std. 

Error
t

P 
value

Intercept 1471.25 926.81 1.587 0.116

Group (CLBP) 786.45 248.14 3.169 0.002*

Age (years) 32.90 10.75 3.06 0.003*

Weight (kg) -35.56 8.77 -4.056 < 0.001*

Mental health 15.02 6.41 2.344 0.021*

DII 167.16 73.22 2.283 0.025*

HEI 35.30 10.98 3.215 0.002*

Total fruit 
component on HEI -184.89 75.43 -2.451 0.016*

R-squared

Adjusted 0.307

Table 2. Regression coefficients for predictors of  postprandial 
glucose response after sucrose intake (IAUC) in individuals 
with chronic low back pain (CLBP).

Abbreviations: CLBP = chronic low back pain; kg = kilograms, DII = 
Dietary Inflammatory Intake; HEI = Healthy Eating Index 2015.
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in recent years, only a limited number of biomarkers 
have been confirmed as reliable for pain management 
(61). Considering the widespread prevalence of chronic 
pain, there is a critical need for metabolic biomarkers 
that can help in predicting, diagnosing, and managing 
chronic pain disorders (22). Therefore, the research on 
biomarkers should also be conducted with psychologi-
cal and functional characteristics in mind, to enhance 
their clinical utility and to find accurate predictors 
for chronic pain (62). Because postprandial glucose 
response has been previously associated with chronic 
pain, incorporating knowledge of the aforementioned 
characteristics could represent a novel therapeutic ap-
proach and a potential area of focus for future research 
on chronic pain treatment. 

According to our results, reducing body weight, 
improving mental health, and changing to a healthier 
diet with increased fruit intake could be key factors in 
enhancing the prognosis of patients with chronic pain. 

Limitations 
Some limitations of the present study should be 

considered. First, this study is a secondary analysis of 
the case-control sub-study of an experimental crossover 
trial, so we must be careful in making causal interpreta-
tions. Postprandial glucose response was measured by 

the researchers’ use of a self-monitoring 
device requiring the pricking of the 
patients’ fingers; although this method 
is the most common for monitoring 
capillary blood glucose levels, it does 
not provide the necessary information 
to capture blood glucose fluctuations in 
real-time settings. Moreover, while this 
highly feasible, easily accessible method 
for measuring glucose levels was advan-
tageous, its use meant that insulin levels 
could not be assessed simultaneously. 
Not integrating insulin sensitivity and 
resistance constrained our ability to de-
velop a more extensive and comprehen-
sive model.  Finally, all the patients in 
this study were women, so our findings 
may not be applicable to men.

However, though the dietary re-
ports collected for the study might have 
introduced recall bias, social desirability 
bias, and possible under- or overestimat-
ing of dietary intake (depending on the 
food product), the process of measuring 

food consumption over a 3-day period is recognized for 
its accuracy and ability to minimize those biases. As for 
the glucose response, our study measured the fasting 
glucose levels up to one hour after the intake of the 
sucrose. Although measuring glucose levels 2 hours 
after the intake is common in the literature (11), doing 
so one hour after the intake has been presented as a 
sensitive alternative, with great specificity and sensitiv-
ity (63). The one-hour test is also a good substitute, 
since it reduces the cost and time of screening and can 
predict type 2 diabetes and its complications and mor-
tality (63). An important difference between our study 
and others is our use of more detailed body composi-
tion (18,53). In our study, we selected fat percentages 
as body composition outcomes because of the known 
limitations in the accuracy of BMI to represent body 
composition (64,65).

Conclusions

This secondary analysis rigorously explored various 
predictor variables potentially associated with altered 
glycemic responses in patients with CLBP. The study 
confirmed that higher weight, age, and quantities of 
inflammatory dietary properties were associated with 
a significant predictive value for altered postprandial 
sucrose responses, as were lower qualities of mental 

Parameter Estimate 95% CI Std. Error P value

Fixed effects

Intercept 83.52 (73.63; 93.40) 4.98 < 0.001

Time 26.08 (17.43; 32.73) 3.36 < 0.001

Group (CLBP) -2.94 (-6.56; 0.69) 1.83 0.111

Weight 0.15 (0.01; 0.28) 0.07 0.035

HEIC3TOTFRUIT 0.93 (-0.10; 1.97) 0.52 0.075

Time*Group (CLBP) 8.20 (-1.25; 17.66) 4.77 0.088

Estimates of Covariance Parameters

Residual 3.88 23.13 0.867

Intercept variance 83.24 25.91 0.001

Time variance 588.90 94.19 < 0.001

ICC

Adjusted 0.990

Conditional 0.607

Pseudo-R-Square Measures

Marginal 0.387

Conditional 0.994      

Table 3. LMM summary of  fixed effects, covariance parameters, ICCs, and 
pseudo-R-squared measures.

Note: ICC = intraclass correlation coefficient, time (0 = sucrose 0’, 1 = Sucrose 60’), group 
(0 = healthy controls, 1 = CLBP patients).
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health and diet. The implications of these results un-
derscore the paramount importance of lifestyle habits 
in the management of glucose levels and contribute 
to a deeper understanding of the metabolic responses 
in CLBP patients. Early management of those lifestyles 
could potentially prevent the metabolic alterations 
observed in patients with chronic pain.
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Appendix 1. Description of  the elements of  the Python code and Python code for the calculation of  the incremental area under the 
curve (IAUC).

Line 
Number

Code Element Description

2 Import module “Import module” imports pandas and matplotlib libraries for required functions.

14 for loop Iterates through the list containing all patients’ data.

17 def areaUnderCurvelbpsu Creates a function that calculates the area under the curve by using the trapezoidal rule, ignoring 
the values below fasting blood glucose level.

19 for loop Iterates through the list that contains individual patient data.

20 If statement If all the values are higher than the fasting blood glucose level, use this function to calculate the 
area of the trapezoid.

22 elif statement If the first value is lower than the fasting blood glucose level and the second value is equal to or 
higher than the fasting blood glucose level, use this function to calculate the area of the trapezoid.

24 elif statement If the first value is higher than or equal to the fasting blood glucose level and the second value is 
lower than the fasting blood glucose level, use this function to calculate the area of the trapezoid.

26 elif statement If the fasting blood glucose level is higher than all the values, this function calculates the area of 
the trapezoid.

28 sum variable The total sum of the area under the curve value for each individual.



Appendix 2. SPSS syntax for linear regression results.

Appendix 3. SPSS syntax for linear mixed model results.


