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Objective: How biochemical variables influence the costs of the Brazilian National Healthcare System,
according to body composition and physical activity.
Methods: Participated in this study 168 patients. Biochemical variables were glucose, triglycerides, total
cholesterol, high, low, very low density lipoprotein and C-reactive protein (CRP). For the cost analysis the
medical records was analyzed. Physical activity was assessed through questionnaire. Body adiposity was
assessed by body mass index. Four groups were defined according body adiposity and physical activity.
Results: The active obese group had higher values of very low density lipoprotein and triglycerides when
compared to the inactive obese. The non-obese inactive group had lower values of non-high density
lipoprotein compared to the inactive obese. The non-obese active group presented lower insulin value
when compared to the inactive obese. The inactive obese group presented higher values in the CRP when
compared to the non-obese active and inactive groups when compared to non-obese and active obese
group. There was a positive correlation between insulin, glucose, CRP and drug and total costs.
Conclusions: Biochemical variables were different according to body composition and physical activity.
Insulin, glucose and CRP were related to cost in drugs and total costs.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
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1. Introduction caused by genes interactions, lifestyle, environmental, and

emotional factors [5]. According to the Brazilian Institute of Geog-

The prevalence of obesity has been considered the worldwide
epidemic of the new millennium [1]. Around 2.8 million adults in
the world die of events related to overweight and obesity [2], and
this health indicator is strongly associated with several chronic
non-communicable diseases (NCD) [3].

Obesity is characterized by an excessive accumulation of body
fat reserves [4], and its etiology is multifactorial and complex,
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raphy and Statistics [6], 50% of the Brazilian population over 20
years old is overweight. The World Health Organization [4] re-
ported 2.3 billion overweight adults and more than 700 million
obese in 2015.

Regarding the physiological aspects, the literature points out,
obese individuals have a higher propensity to present altered
biochemical parameters, such as total cholesterol, low-density li-
poprotein, triglycerides [7], high-density lipoprotein [8] and C-
reactive protein (CRP) [9], values that result in the acquisition of
NCD such as diabetes, cardiovascular diseases, and cancer [10].

In the financial framework, obesity demands high costs. Bahia
and colleagues [11] estimated that the Brazilian National Health-
care System spent 3.6 billion dollars with obesity treatment
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between 2008 and 2010, specifically 1.2 billion with outpatient
treatment and 2.4 billion with hospital treatment.

The majority of the adult population gains weight over a long
period of time, so it is relevant to determine how physical activity
attenuates undesirable risk factors for NCD [12]. One study exam-
ined the association between sedentary behavior and television
viewing on the risk of obesity and type 2 diabetes over a 6-year
period. Physical activity was associated with a 9% reduction in
obesity and a 12% reduction in type 2 diabetes, and walking 1 h per
day was associated with a 24% reduction in obesity and a 34%
reduction in type 2 diabetes [13].

When aiming to decrease expenditures with obesity, studies
suggest non-pharmacological interventions for treatment and
prevention, such as physical exercise, a method with numerous
benefits [14] and effective for health management [15].

Aoyagi and Shepard [16] carried out a study including 5000
elderly people diagnosed with several NCD, applied an exercise and
pedometer intervention, and concluded that if 5% of the elderly
population increased 2000 steps per day, it would result in 3.7%
reduction of medical expenditures. Thus, the objective of this study
was to analyze how biochemical variables influence the costs of
outpatients of the Brazilian National Healthcare System, according
to body composition and level of physical activity.

2. Methods

The sample was composed of 168 patients aged 50 years or older
attending two different Basic Healthcare Units (BHU) of Presidente
Prudente, SP, Brazil. The inclusion criteria adopted for the recruit-
ment of patients were: i) patients enrolled at BHU for at least one
year, actively using health service; ii) 50 years or older; iii) signed
consent form.

Biochemical variables were collected and analyzed by an
enabled laboratory who removed 10 ml of blood from the periph-
eral puncture of the forearm vein, after a 12 h fasting. For the
analysis of glucose, triglycerides (TG), total cholesterol (TC), high
and low-density lipoprotein (HDL, LDL) were used the colorimetric
method (Labtest®, Brazil). For cytokine and hormone (CRP and in-
sulin) dosage, the ELISA method was used according to R&D Sys-
tems®™, USA and ALPCO®, USA.

To classify the insulin resistance, Homeostatic Model Assess-
ment for Insulin Resistance (HOMA-IR) was calculated using the
following equation: HOMA-IR= (insulin fasting (pUI/mL) x fasting
glucose (mg/dL))/22,5 [17].

Medical records of the last 12 months of the interview date
[18—20] were used to access the treatment cost of each patient. The
information provided was the number of consultations, medica-
tions, and laboratory tests. It was also calculated costs with other
health services, such as materials, employers (nurses and admin-
istrative) payrolls, and water, electricity and telephone bills [18,19].

The level of physical activity was assessed using Baecke's
questionnaire [21], validated in Brazil by Florindo [22], which
evaluates the level of habitual physical activity according to three
domains, i) occupational, ii) physical exercise and iii) leisure and
locomotion, in the last 12 months. Each domain results in a score
and the sum determines the level of physical activity of the patient.
For final score was classified in quartiles: P <25 for inactive pa-
tients and P > 75 active patients.

Body adiposity was classified according to body mass index
(BMI) in kg/m?, and measurements were taken according to Loh-
man and colleagues protocol [23]. The obese/overweight group was
characterized by patients who presented values above 25 kg/m?.
The non-obese group consisted of patients with BMI between
17 kg/m? and 24.9 kg/m?.

For statistical analyses, the four groups were defined: non-obese

active, non-obese inactive, obese active, and obese inactive. For the
comparison between groups, we used the analysis of variance
(ANOVA) with Tukey's Post-Hoc test, and the Spearman test was
used for correlations. The level of significance was set at p <0.05
and the software used was BioStat 5.0.

3. Results

The sample was composed of 168 patients (53 males and 115
females). Regarding the levels of physical activity, there was a sig-
nificant difference between non-obese inactive, obese-active, and
obese-inactive groups (p =0.001). For BMI and waist circumfer-
ence, the highest values were found in obese-active and obese-
inactive groups (p =0.001). There were differences regarding fat
percentage between all groups (p = 0.001). Finally, there were no
significant differences between groups for age, weight, height,
systolic, and diastolic blood pressure (see Table 1).

Table 2 shows the biochemical variables according to the groups.
The active obese group showed higher values of VLDL (p = 0.001)
and TG (p = 0.017) when compared to the non-obese active group.
The inactive non-obese group had lower values of no-HDL
(p=0.034) when compared to the inactive obese group. The
active non-obese group presented a lower value of insulin
(p=0.048) when compared to the inactive obese group. The
inactive obese group presented higher values of CRP (p=0.007)
when compared to the active and inactive non-obese groups. The
inactive obese group presented higher values of HOMA-IR
(p=0.001) when compared to the non-obese and active obese
groups. The variables of total cholesterol, HDL, LDL, and glucose
were not statistically different.

Table 3 shows the cost variables (consultations, tests, medica-
tions, and total cost) according to groups, and we did not find
statistical differences between groups.

Table 4 shows the correlations between biochemical variables
and costs. The non-obese inactive (glucose and drugs and total
cost), obese-active (glucose and CRP and total cost) and obese-
inactive (TG and lab test and CRP and total cost) groups pre-
sented a positive correlation between tests results and health cost.
The non-obese active group presented a negative correlation be-
tween medication cost and insulin results.

4. Discussion

The objective of the present study was to analyze the influence
of biochemical variables on patients' costs according to body
composition and physical activity level.

Initially, we found statistical differences between groups
regarding habitual physical activity level, BMI, waist circumference,
and fat percentage. As predicted, the level of habitual physical ac-
tivity and BMI were different between groups because these vari-
ables were used to divide the groups. Additionally, it makes sense
that waist circumference and body fat were also different between
groups because higher BMI is associated with increased waist
circumference and fat percentage [24].

We also found differences in VLDL and TG, with higher values in
the active obese group when compared to the non-obese active
group. VLDL is a member of the LDL family, it is involved in
remaining lipoprotein particles in peripheral tissues and in coop-
eration with lipoprotein lipase, thus VLDL is directly related to the
development of atherosclerosis and insulin resistance. However,
low values of VLDL have been suggested as a target to improve the
disease [25]. A study conducted by Oh Yoen, Kim et al. [26] found an
association of VLDL with elevated TG levels, and an inverse rela-
tionship with the amounts of adiponectin (a protein hormone). One
of the adiponectin functions is to control energy metabolism and
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Table 1
Descriptive variables according to the presence of obesity and physical activity level.
Non-obese active Non-obese inactive Obese active Obese inactive p-value
n=21 n=42 n=>50 n=>55
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 64.51 (7.99) 65.72 (10.07) 61.78 (7.59) 64.08 (8.29) 0.169
Weight (Kg) 61.62 (14.06) 62.91 (10.41) 78.16 (12.54) 79.72 (15.46) 0.790
Height (cm) 158.32 (9.15) 159.32 (9.63) 158.32 (8.35) 155.24 (7.57) 0.139
Level of PA (score) 6.80 (1.19) 5.75 (1.34) 7.23 (1.76)° 5.89 (1.56)° 0.001
SP (mmHg) 129.95 (15.74) 130.05 (21.85) 127.28 (17.32) 132.69 (20.47) 0.485
DP (mmHg) 76.19 (10.98) 74.48 (11.29) 76.78 (8.65) 77.20 (12.48) 0.665
IMC (kg/m?2) 24.35 (3.89) 24.62 (2.09) 31.20 (4.74)*° 32.89 (5.23)*P 0.001
WC (cm) 82.17 (17.10) 85.83 (8.79) 101.51 (9.16)*" 103.29 (10.62)*° 0.001
Fat % 31.83 (5.93) 30.78 (6.12) 41,01 (6.52)* 44.41 (6.26)0< 0.001

PA: physical activity, SP: systolic blood pressure, DP: diastolic blood pressure, WC: waist circumference, IMC: body mass index, a = difference non-obese active, b = difference

non-obese inactive, c = difference active obese.

Table 2
Biochemical variables according to groups.

Table 3
Cost variables according to the groups.

Variable Group (N) Analysis of variance (ANOVA) Cost Group (N) Analysis of variance (ANOVA)
Mean (SD) F p-value Mean (SD) F p-value
TC Non-obese active (n = 20) 197.66 (38.53) 2.197 0.092 Consultations Non-obese active (n=21) 22.20 (20.53) 0.519 0.670
Non-obese inactive (n=40) 186.65 (33.57) Non-obese inactive (n =42) 23.88 (16.85)
Active obese (n =25) 200.93 (27.97) Active obese (n =29) 27.55 (16.79)
Obese inactive (n=37) 206.58 (38.47) Obese inactive (n=39) 25.92 (14.30)
HDL Non-obese active (n = 20) 45.25 (8.41) 1430 0.238 Exams Non-obese active (n=21) 13.46 (32.27) 0.536 0.659
Non-obese inactive (n=40) 46.01 (10.88) Non-obese inactive (n=42) 9.35(23.38)
Active obese (n =25) 46.95 (12.16) Active obese (n =29) 9.41 (21.16)
Obese inactive (n=37) 41.94 (10.14) Obese inactive (n = 39) 15.93 (29.91)
VLDL Non-obese active (n = 20) 27.91(12.48) 7.801 0.001 Drug Non-obese active (n=21)  58.69 (94.70) 1.135 0.338
Non-obese inactive (n =40) 22.84 (10.60) Non-obese inactive (n =42) 46.49 (78.47)
Active obese (n =25) 31.24 (15.99)? Active obese (n =29) 74.43 (94.18)
Obese inactive (n=37) 37.76 (15.01) Obese inactive (n=39) 42.29 (44.33)
LDL Non-obese active (n = 20) 124.50 (32.25) 0.545 0.653 Total Non-obese active (n=21) 108.60 (107.72) 0.810 0.419
Non-obese inactive (n=40) 117.13 (28.66) Non-obese inactive (n=42) 97.53 (99.61)
Active obese (n =25) 122.73 (23.01) Active obese (n =29) 130.06 (100.07)
Obese inactive (n=37) 125.56 (35.55) Obese inactive (n =39) 102.00 (58.93)
No-HDL Non-obese active (n = 20) 152.41 (35.92) 2978 0.034
Non-obese inactive (n =40) 140.64 (32.54)
Active obese (n =25) 153.97 (28.66) weight loss and this is because adiponectin levels are lower in the
Obese inactive (n=37) 164.64 (41.33) .
non-obese active group.
TG Non-obese active (n=20) 13957 (62.42) ~ 3.534 0.017 The inactive obese group presented a higher value of no-HDL
Non-obese inactive (n=40) 12631 (9261) than the non-obese inactive group. The study by Lu Liu et al. [27]
Active obese (n =25) 156.16 (79.98) . d . in discrimi h
Obese inactive (n = 37) 206.91 (162.04) pqmte. to No-HDL as an Increase in iscriminatory power together
- with higher levels of BMI, stressing that obese women should have
Glucose Non-obese active (n = 20) 109.60 (63.02) 2303 0.081 hiech lipid 1 1 hich i t of th t study b
Non-obese inactive (n—40)  90.73 (14.89) 1gh serum lip1 e\{e S, whnic lS. par 0 € present study because
Active obese (n = 25) 114.90 (43.88) most of the sample is women. Still, Robinson et al. [28] showed that
Obese inactive (n =37) 113.00 (51.43) abdominal obesity and age influence levels of No-HDL, total
Insulin ~ Non-obese active (1=20)  6.74 (3.26) 2713 0.048 cholesterol, and TG. S .
Non-obese inactive (n=40) 6.93 (3.76) It is known that obesity causes insulin resistance through in-
Active obese (n=25) 13.80 (8.59) flammatory cytokines underlying TNF-o. [29], also that the origin of
i 7 — a . . . .
Obese inactive (n=37) 22.91 (48.03) these cytokines are migrations of macrophages to adipocytes [30].
CRP Non-obese active (n =20) 1.36 (1.34) 4244  0.007 Thus, as expected, insulin in this study had higher values in the
Non-obese inactive (n=40)  2.46 (4.84) inactive obese group when compared to the non-obese active
Active obese (n=25) 5.26 (5.59) rou
Obese inactive (n=37) 6.15 (8.20)*P group. . L .
- Obesity has been associated with increased pro-inflammatory
HOMA-IR  Non-obese active (n=20) ~ 1.81(1.25) 13.32 0.001 biomarkers and systemic inflammation, and it should be noted
Non-obese inactive (n=40) 1.56 (0.87) that infl ti . R tant indicat f di lar di
Active obese (n = 25) 3.91(2.91) at Inflammation 1S an 1mportant mdicator ol cardiovascular dis-

Obese inactive (n=37) 4.52 (3.23)*¢

TC: Total cholesterol HDL: High-Density Lipoprotein, VLDL: Very Low-Density Li-
poprotein, LDL: Low-Density Lipoprotein, N-HDL: No-High Density Lipoprotein, TG:
Triglycerides, CRP: C-reactive protein, HOMA-IR: homeostatic model assessment.
a=denotes difference compared to Non-obese active; b=denotes difference
compared to Non-obese inactive; c = denotes difference compared to Active obese.

ease [31]. However, chronic inflammation can cause increased cell
stress and increase the release of cytokines, which can develop
elevated levels of systemic inflammation characterized by CRP [32].
Our finding confirms the high CRP values in the inactive obese
group when compared to the non-obese active and non-obese
inactive groups. A study by Briggs et al. [33] and by Robinson,
colleagues [28] showed CRP values above 3.0 mg/dL in obese
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Table 4

Correlation between costs and biochemical variables.
Cost Group TC HDL VLDL LDL N-HDL TG Glucose Insulin CRP HOMA-IR
Non-obese active
Doctor's appointments 0.048 0.341 -0.026 0.014 —0.056 -0.032 -0.319 -0.327 -0.190 -0.424
Exams -0.073 —0.166 0.095 —0.009 0.003 0.095 -0.035 0.191 0.131 0.085
Drug —0.007 -0.024 0.226 -0.016 —0.039 0.216 0.181 -0.479* 0.120 -0.271
Total 0.066 -0.038 0.243 0.114 0.053 0.235 0.101 -0.359 0.116 —0.248
Non-obese inactive
Doctor's appointments —0.002 0.290 -0.157 0.028 0.053 -0.153 0.378 —0.054 0.163 -0.015
Exams 0.255 0.146 —0.001 0.264 0.292 0.007 -0.164 -0.344 0.147 -0.415
Drug -0.251 0.122 -0.412 —0.208 -0.226 -0.411 0.539* -0.033 0.074 0.071
Total -0.199 0.161 -0.303 -0.142 -0.142 -0.297 0.497* —0.098 0.255 —0.021
Obese-active
Doctor's appointments 0.070 —0.056 -0.119 0.090 0.081 0.139 0.420 —0.054 0.330 0.152
Exams 0.112 -0.299 —0.258 0.194 0.261 0.156 0.125 0.174 0.365 0.111
Drug —0.049 —0.085 0.254 —0.165 0.140 0.315 0.430 0.070 0.183 0.283
Total 0.053 —0.196 0.077 0.064 0.280 0.294 0.478* 0.118 0.489* 0.307
Obese inactive
Doctor's appointments 0.136 —0.057 0.001 0.099 0.278 0.234 0.011 —0.026 0.240 -0.020
Exams 0.292 -0.143 0.030 0.172 0.402 0.448* —0.296 —0.294 0.328 —0.420
Drug -0.172 0.018 0.199 —0.068 —0.163 —0.193 0.296 —0.035 0.433 0.066
Total 0.130 0.060 0.109 0.017 0.171 0.093 0.086 —0.055 0.583** -0.026

*p = 0,05 **p = 0,001.

patients, which corroborates with the present study where the CRP
values reached 6.15 mg/dL.

The results also showed higher HOMA-IR levels in the inactive
obese group when compared to the non-obese active and obese
active groups. Independently of the level of physical activity, the
values are high, however, the study by Nieuwpoort et al. [34] found
a relationship between HOMA-IR and BMI, Glucose, Insulin, Leptin,
and Resistin, thus, the values of these variables can alter HOMA-IR
levels in obese patients. Bousier and colleagues [35] carried out a
study with obese people (n =498), of which 27.9% were grade I,
37.3% grade Il and 34.7% grade III, and presented mean values of
HOMA-IR of 2.9, which makes it different from the values of the
present study, because the inactive obese group that obtained a
higher value reached 4.5 in this variable, showing the importance
of considering resistant and insulin sensitive patients.

Regarding the costs of consultations, lab tests, and medications,
we did not find differences, however, the literature presents other
results [11,36—39].

There was a moderate and inverse correlation between medi-
cation costs and insulin in the non-obese active group, i.e., lower
use of medication, higher insulin level. This result makes sense if
we think of type 2 diabetics with insulin resistance, a process
defined as the lower uptake of glucose by the muscles and adipose
tissues, and an increased release of glucose in the liver [40],
consequently, the patient needs medication to lower insulin rates.

In the non-obese inactive group, there was a moderate corre-
lation between glucose, medication costs, and total costs. In this
study, independent of the group, it was assessed the prevalence
rate of diabetes, however, it is understood that glucose is linked to
this group due to the sedentary lifestyle and bad eating habits,
causing higher demand of medication to lower the levels of glucose
[41].

The active obese group showed a moderate correlation between
glucose, CRP and total costs. The inactive obese group showed a
moderate correlation between total costs and CRP. The correlations
of the obese groups can be explained due to the inflammations
caused by the dysfunctions in the adipose tissues that alter the
secretion of adiponectin, altering its level, increasing levels of
retinol binding protein 4 (RBP4), insulin resistance, also modifying
CRP values, interleukin-6, monocyte chemotactic protein (MCP-1)
and tumor necrosis (TNF-a) [42]. These changes reflect higher

demand for health services provided by the Brazilian National
Healthcare System and higher total costs.

5. Conclusion

It can be concluded that the biochemical variables VLDL, N-HDL,
TG, Insulin, CRP and HOMA-IR were different in relation to body
composition and levels of physical activity. Insulin, glucose and CRP
were related to cost in drugs and total costs, but no influence was
found in the costs of patients with different body composition and
levels of physical activity.
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