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Abstract
Background When compared to the general population, socioeconomically disadvantaged communities
frequently experience compromised health. Monitoring the divide is challenging since in general,
standardized biomedical tests are linguistically and culturally inappropriate. The aim of this study was to
develop a novel healthcare technology for its usage in socioeconomically disadvantaged areas.

Methods A unique mobile biomedical testbed based on non-invasive analysis, accompanied with the
World Health Organization Quality of Life survey, was developed. This healthcare approach was used in
Lindängen, a socioeconomically disadvantaged neighborhood in Malmö, which has been listed as one of
the twelve most vulnerable neighborhoods in Sweden.

Results The less intrusive biomedical approach, compared to conventional setups used, e.g., wrist blood
pressure monitoring, bioimpedance analysis and cardiovascular diagnostics, non-invasive determination
of blood bioanalytes, was highly appreciated by the participants, i.e., 39 female volunteers of Middle
Eastern origin. Surprisingly, the collected biomedical data illustrated that the apparent health of the
participants from Lindängen was comparable to the general Swedish population. The Quality of Life-
BREF survey, used to gather information regarding subjective health perceptions within the cohort,
combined with advanced statistical data analysis, revealed statistically signi�cant correlations between
perceived health and biomedical data. Even though the dependences found were complex, the recognition
of which is essential in further research.

Conclusions Our results validate the potential of non-invasive technologies in combination with advanced
statistical analysis, especially when combined with linguistically and culturally appropriate healthcare
methodologies, allowing participants to appreciate the signi�cance of the different parameters to
evaluate and monitor aspects of health.

Background
Non-invasive healthcare technologies are an important part of research and development nowadays due
to their low cost and convenience they offer to both healthcare receivers and providers [1]. In addition to
traditional non-invasive technologies, which are known and used for ages, e.g., electrocardiography [2; 3],
many other non-invasive instruments have been developed, such as cardiovascular diagnostic systems
[4], bioimpedance based scales [5; 6], and even non-invasive blood analyzers to measure not only
physical parameters of the body, but also sentinel chemicals in blood, e.g., hemoglobin (Hb) [7], oxygen
[8], and glucose (Glu) [9; 10]. On the one hand, some of non-invasive chemical blood analyzers, e.g.
glucometers, are not precise and reliable devices [11]. On the other hand, pulse-oximeters are widely used
in acute and critical care nowadays [12]. Moreover, due to above mentioned advantages, when developed
further, non-invasive chemical blood analyzers might be considered as powerful tools for subgroups with
greater healthcare needs, such as infants and elderlies, as well as socially disadvantaged populations.
These subgroups frequently experience compromised health in comparison to the majority population
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owing to their poor living conditions. They are often exposed to different problems, such as social
exclusion, discrimination and poverty. Socioeconomically disadvantaged populations are also at a higher
risk for mental health issues, as well as physical health conditions, such as obesity and hypertension due
to poor lifestyle [13]. However, serious challenges, mainly distrust, to assess health in underserved areas
using conventional setups are also �rmly established [14]. 

Lindängen is a socioeconomically disadvantaged neighborhood in Malmö city located in the South of
Sweden. The Swedish Intelligent Unit has enlisted Lindängen as one of twelve vulnerable neighborhoods
in country. In the recently published report challenges in Lindängen, such as high rate of crime, low
education levels, unemployment, and poor health among citizens in the neighborhood, has been re�ected
[15]. The study reported herein has been conducted inside a large project ”Health promotion in
collaboration”, which is based on community-based participatory research (CBPR) [16] and aims to
promote health among citizens in Lindängen. An important aspect in CBPR approach is to involve the
participants within the various stages of the research process through dialogue and re�ection, which also
includes joint work with participants in the data gathering process to evaluate health outcomes [17]. Such
a dialogue with the citizens of Lindängen showed that they perceived a lack of access to health care,
speci�cally the possibility to measure their health at a low cost, which would help them understanding
their own physical health status [18]. Therefore, it was decided to speci�cally focus on incorporating non-
invasive healthcare technologies in the project to map physical health of participants. Non-invasive
healthcare technologies address the factors that affect the degree of comfort the user experiences during
measurements, including social aspects, which have been little or even completely unexplored.

Materials And Methods
Administration of health outcomes

The participants were instructed to remain calm and quite before and during the biomedical
measurements. The participants were not asked to fast prior to the measurements. There was over 95%
attendance rate in all sessions both when the surveys were administered, as well as when biomedical
measurements were performed. The participants also received feedback on their health outcomes by the
trained biomedical analysists who performed the data collection in their mother language, most often
Arabic, with the support of a health promoter who are representatives from the community [18].

Biomedical measurements

Systolic and diastolic blood pressures (SBP and DBP, respectively) and resting heart rate (RHR) were
measured using an iHealth Sense wireless wrist monitor from iHealth Labs Inc. (Sunnyvale, California,
USA). The monitor was placed on the participants’ wrist.

Bioelectrical impedance analysis was performed using a bioimpedancometer MC780MA from Tanita
(Tokyo, Japan). This analyzer differentiates between the individuals’ body fat, muscle mass (MM) and
water mass, as well as automatically calculates body mass index (BMI) and metabolic age. The
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participants were instructed to stand on the device with bare feet placed on the electrode platform until
their body weight was displayed. Then, the participants were instructed to hold the handlebars with their
arms straight down until the remaining parameters were displayed. Prior to the analysis, the participants’
basic parameters (gender, height and body type) were entered into the memory of the device.

Vascular age (VA) and stress index (SI) were determined using an AngioScan-01 from AngioScan-
Electronics (Moscow, Russia). The device was placed on the participants’ right index �nger.

Glu and Hb concentrations in blood were determined non-invasively using a BG20 blood glucose meter
from Yones Toptech (Shenzhen, China). The device was placed on the participants’ right index �nger, and
the time interval during which the participant had consumed food most recently was entered.

Health survey

The WHO (World Health Organization) Quality of Life-BREF survey was used to gather information
regarding subjective health perceptions within the sample [19]. The validity and reliability of the
instrument has been tested in extensively internationally and is available in 20 different languages
including Swedish [19] and Arabic [20]. The survey contains twenty-six questions and measure four
broader health areas i.e., physical health, mental health, social relations and environmental health
domains, as well as two global items. A raw score of each domain and item can be calculated and
transferred into range between 0-100 and 0-5, respectively. Higher scores denote higher health-related
quality of life (QoL) [19].

Data analysis

Relationships between self-reported health measures and biomedical measures were analyzed using
univariate (nonparametric correlation statistics) and multivariate (parametric correlation statistics)
regression analyses employing software packages SPSS Statistics from IBM Corp. (Armonk, New York,
USA) and Wolfram Mathematica software package from Wolfram Research (Champaign, Illinois, USA),
respectively. The default signi�cance level in all calculations was 0.05. During multivariate regression
analysis models were built using all data points acquired in the investigation. Initial model was based on
all variables and was further improved by discarding variables or adding nonlinearities. All statistical
properties of models and residuals are described alongside with the results. 

Results
First, a unique biomedical testbed based on non-invasive devices was designed. In order to develop
appropriately tailored health tests for participants from Lindängen, speci�c devices were used, which
were less intrusive compared to conventional devices. For instance, blood pressure was measured on the
wrist instead of the upper arm, Fig. 1(a). Measurements of body composition were performed using
bioelectrical impedance analysis instead of using tape measurements, thus limiting direct body contact
to a minimum, Fig. 1(b). Additional non-invasive devices were also included in the health test, viz. the
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cardiovascular diagnostic complex AngioScan-01, Fig. 1(c), and the non-invasive blood analyzer, BG20,
Fig. 1(d), to achieve a comprehensive non-invasive biomedical test.

Second, for biomedical test 56 volunteers from Lindängen for were identi�ed. 17 of these participants did
not fully complete the biomedical tests and were therefore excluded from data analysis. Thus, a total of
39 female volunteers, aged 25-77 years, participated in this study. Participants were of Middle Eastern
origin (Supplementary Information, Supplementary Table S1).

Biomedical tests revealed that 25.6% (n=10) of the participants had blood pressures outside of the
reference interval, Fig. 2(a)-3(b), whereas only 2.6% (n=1) had a RHR outside of the reference interval, Fig.
2(c). The reference intervals for SBP and DBP, as well as RHRs, were de�ned according to Refs. [21; 22].

In accordance with the literature, overweight and obesity are de�ned by BMIs of  ≥25 kg/m2 and ≥30
kg/m2, respectively [23]. Thus, 25.6% (n=10) of the participants were considered to be overweight and
51.3% (n=20) were obese, Fig 3.

More than half of the participants had body fat percentages above the reference intervals, Figs. 4(a)-4(c),
i.e. 21-33% of body fat for 20-39 year olds, 24-34% of body fat for 40-59 year olds, and 25-36% of body
fat for 60-79 year old individuals [24].

VA and SI were also determined based on RHR, stiffness of blood vessels, and differences of arterial
pressure [25] using the professional dual-channel cardiovascular complex, Fig. 5. According to the
manufacturer, the reference interval for the stress index is 0-150 units, whereas VA should be equal to or
below the age of the participant [25]. It was found that many volunteers had both parameters above the
cut-off values, Fig. 5.

Moreover, Hb and Glu concentrations in blood were determined non-invasively, Fig. 6. Interestingly, almost
all obtained values were within the reference intervals, 120-160 g/L for Hb and 2.8-11.1 mM/L for Glu
[26].

In parallel, the Quality of Life-BREF survey was distributed among the participants. Table 1 shows the
obtained QoL scores. All the mean domain scores were around the �fty-percentage mark, meaning that
the sample were distributed in relative equal proportions around the cut-off level for satisfaction in quality
of life. However, about half of the participants (n=17) had domain scores lower than the satisfactory
level.

Table 1 QOL scores of participants
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WHOQOL-BREF score (scale) Mean score (SD) Score range

 

Physical health domain

 

54.3 (19.3)

 

0 – 100

Psychological domain 54.0 (15.9) 0 – 100

Social relationships domain 63.8 (18.8) 0 – 100

Environmental domain 56.0 (16.7) 0 – 100

Health related quality of life global item 3.5 (0.9) 0 – 5

Health satisfaction global item 3.9 (1.1) 0 – 5

Third, detailed statistical analysis of the data was performed. In absence of a relevant model,
nonparametric correlation statistics was initially exploited. This analysis (Spearman’s and Kendal’s rank
tests) revealed no signi�cant correlation between the four QoL domain scores/two of the global items
and biomedical metrics. This was unsurprising since the dependence between perceived health and
biomedical metrics is a priori complex. In other words, it is hard to envision strong linear dependences
between participant-perceived QoL scores and individual biomedical parameters, such as body
composition parameters, RHR, blood pressure, etc, using a univariate regression analysis. Thus,
multivariate regression analysis of all the data collected was carried out. The identi�cation of variables,
which statistically signi�cantly correlate (p-value < 0.05) was performed using a meta-modelling
approach. As expected, linear multi-variable models failed to provide any statistically signi�cant
correlations. Indeed, a 2-term set of all possible models with inclusion of linear, inverted, squared, and
pairwise multiplied variables was investigated to identify statistically important variables. A set of
identi�ed statistically signi�cant variables, which are presented in Supplementary Table S2, was used to
build all possible 4-term models, which were tested, and the best model was selected for each case.

The social relationships domain and health related QoL global item scores have no statistically
signi�cant correlations with variables. The best model found to describe physical health domain scores is
presented in Equation 1, while the statistical properties of the model are provided in ANOVA
Supplementary Table S3.

-22.2452 + 1799.6/BMI + 0.0157277.FM.VA - 0.000567556.VA.SI             (1)

As one can see from Supplementary Table S3, all coe�cients are statistically signi�cant. On the one
hand, the model shows that larger BMI lowers expected physical health domain scores. On the other
hand, surprisingly, larger FM and VA, rise physical health domain scores. However, it should be noted that
there is a linear correlation between variables FM and BMI, and hence it may be a manifestation of the
approximate quadratic dependence on BMI. The SI in synergy with VA lower physical health domain
scores. The physical health domain scores predicted by the model have a 0.533 statistically signi�cant
correlation coe�cient with a p-value of 0.00048.
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The best model found to describe psychological domain scores is presented in Equation 2, while the
statistical properties of the model are provided in ANOVA Supplementary Table S4.

-20.2236 - 1092.97/Age + 2257.35/BMI + 0.0218865.FM.BMI                    (2)

As one can see from Supplementary Table S4, all coe�cients are statistically signi�cant. Age tends to
lower psychological domain scores, however, with increasing age, the negative impact on psychological
domain scores is attenuated. Psychological domain scores are increased by smaller BMIs and by a
synergistic interaction of BMI with FM. The psychological domain scores predicted by the model have a
0.606 statistically signi�cant correlation coe�cient with a p-value of 0.000043.

The best model found to describe environmental domain scores is presented in Equation 3, while the
statistical properties of the model are provided in ANOVA Supplementary Table S5.

70.5533 - (8.39801.RHR)/Age                                               (3)

As one can see from Supplementary Table S5, the coe�cient is statistically signi�cant. Age tends to
inversely lower environmental domain scores and the effect is attenuated with age and increases with
RHR. The environmental domain scores predicted by the model have a weakly statistically signi�cant
correlation coe�cient of 0.32 with a p-value of 0.046.

The best model found to describe health satisfaction is presented in Equation 4, while the statistical
properties of the model are provided in ANOVA Supplementary Table S6.

-2.73262+84.1044/FM+0.000445315 Age.FM+0.000449529 SBP.FM            (4)

As one can see from Supplementary Table S6, all calculated coe�cients are statistically signi�cant. FM
has an inverse positive effect on health satisfaction scores, which are synergistically weakly affected by
Age and SBP. The health satisfaction scores predicted by the model have a 0.612 statistically signi�cant
correlation coe�cient with a p-value of 0.000035.

Discussion
First, the unique mobile testbed based on non-invasive technologies developed in the current studies was
less intrusive compared to conventional methods due to minimizing of physical contact and exposure of
skin, which was bene�cial for individuals with speci�c backgrounds e.g., from the Middle East. Moreover,
portability allowed us to perform the test in the immediate region of interest, i.e., Lindängen.

Second, biomedical studies revealed high SIs measured in more than 50% of the volunteers, which is an
extreme situation for an average apparently healthy population. On the one hand, this is not surprising
since lower socioeconomic status has been linked to long-term stress, which can manifest in individuals
as physiological stress [27]. Moreover, it is believed that low socioeconomic status harms health through
dysregulation of the physiological stress response systems [28]. On the other hand, one of the strong
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indicators of a high stress level with a high risk of chronic diseases is higher RHR. Several studies have
reported on the association between elevated RHR and cardiovascular mortality [29; 30]. However, in our
studies almost all participants had a RHR within the reference interval, Fig. 3(c), and their vascular age
was scattered, in comparison with their real age, Fig. 5(a), which is expected in an on average apparently
healthy population. It should be emphasized that even though non-invasive determination of Glu and Hb
concentrations in blood were included in biomedical analyzes, due to the current lack of evidence
regarding the ability of the device to determine these bioanalytes accurately, one should consider the
results from non-invasive measurements with serious cautiousness, Figs. 6(a) & 6(b).

Third, certain medical conditions of the participants from Lindängen were directly compared to the
general Swedish population (Table 2). The overweight incidence was remarkably lower for the
participants from Lindängen, compared to the Swedish population [31], whereas Lindängen’s participants
had a higher incidence of obesity. According to the literature, hypertension is de�ned by a SBP of ≥140
mmHg or DBP of ≥90 mmHg [32]. Taken these values into account one could conclude that the level of
hypertension among the participants was slightly higher compared to the Swedish population [33].

Table 2 Comparison of medical conditions in Lindängen to the general Swedish population

  General

Swedish population (%)

Lindängen, Malmö (%) (n)

Overweight 52.4 25.6 (n=10)

Obesity 20.4 51.3 (n=20)

Hypertension 22.3 25.6 (n=10)

Surprisingly, the mean scores of psychological and physical health domains were very close to each other
despite of high SIs measured in more than 50% of the volunteers. Moreover, signi�cant correlation
between psychological domain scores and SI was not observed, whereas the SI in synergy with VA
lowered physical health domain scores. 

As stated above, the participants from Lindängen were a uniform group of female volunteers from the
Middle East. On the one hand and to some extent, the ethnicity of the participants represents the area due
to the high number of residents in Malmö who are not born in Sweden [34]. On the other hand, the
participants were not ideal representatives of the area due to the uniformity in gender and old age bias.
The ratio between female and male residents in Malmö is ca. 50/50 [34]. Moreover, almost half of the
residents in Malmö are under 35 years, whereas the average age among the participants was 49 years
(Table 1). Thus, one should consider that biomedical conclusions made in the current studies could
possibly understate the general health status of people in Lindängen. In other words, the small sample
from this socioeconomically disadvantaged community makes the interpretations from Table 2 more
indicative than conclusive.
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Last but not least, comprehensive statistical analysis of all the results was carried out. To the best of our
knowledge, this is the �rst study in the �eld of CBPR, where multivariate non-linear regression analysis of
health outcomes was exploited. Many interesting correlations between perceived health-related QoL and
biomedical metrics were disclosed, i.e., between physical health domain scores, BMI, FM, and VA;
psychological domain, Age, BMIs, and FM; environmental domain, Age and RHR; health satisfaction, FM,
Age, and SBP. It is concluded that strong relationships between perceived health and biomedical metrics
do exist, and even though they are very complex, the recognition of which is essential. The social
relationships domain and self-reported QoL scores have no statistically signi�cant correlations with
variables. However, it should be noted, that all models were found from a limited subset of variables and
more interesting correlations could be found by expanding the number of terms used in the evaluation of
the models. This, of course, is computationally costly, and the model space increases factorially with the
number of terms included in a model.

Studies exploring the relationships between comprehensive biomedical assessments and self-reported
WHO QoL-BREF scores are few and far between. Previous investigations have only examined the
relationships between measurements of blood pressure or BMI in general population groups using
univariate regression analysis [7; 35-37]. Nevertheless, our results are somehow in line with a previous
study describing a relationship between BMI and general health satisfaction, where the strength of the
correlation coe�cient particularly among older women was low (r=0.025) [7; 35-37]. According to earlier
studies, women below 55 years of age are more concerned about their body weight, BMI, and body image
compared to older women. The current study included women with a median age of 47 years, which may
explain the stronger correlation between health satisfaction and body composition in this group of
women [38]. Most participants in this study singled out weight loss as a motivation to participate in the
physical activity intervention that was to follow the biomedical assessments. Participants seemed to be
more aware of the signi�cance of body weight in relation to their health, in contrast to the lack of
understanding of the other complex measurements performed in this study. Such an awareness can be
tapped in future health promotional efforts to socioeconomically disadvantaged groups to address
obesity and overweight related problems.

The implementation of the non-invasive testbed in Lindängen was highly appreciated by the participants,
as indicated by the high attendance rate in the data gathering process. The participants realized that the
different health parameters tested could easily be used to monitor their health in relation to the risks of
developing different diseases including cardiovascular disorders. Also, participants were excited about
the health tests since they expressed a lack of trust in the health system in general in Sweden, and had no
wish to be analyzed using conventional setups. Since they had been offered the time and personal
contact when being tested, and were also given the opportunity to learn the signi�cance of measured
health parameters using their native language, the participants appreciated the health test even more.
Taking these �ndings in consideration with the results from the current work, the evidence of using non-
invasive health tests for people in a socioeconomically challenged suburb in Sweden seems to be
supportive from several perspectives in relation to evaluating health descriptors.
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The additional �ndings, when comparing participant results with generic health data from Sweden, also
indicate that health is to be considered as a multifaceted phenomenon that needs to be approached
using several perspectives and data gathering methods. Given the evidence from this study, health should
never be summarized or evaluated relying on a single circumstance, as this may lead to very different
conclusions regarding the overall participant health status. Rather, a more elaborate approach using both
objective and subjective health parameters, as well as qualitative data targeting health related
descriptors, is preferable to gauge and understand the complex phenomenon of health in these
communities.

Conclusion
The uniquely designed testbed based on non-invasive assessment tools, accompanied with the WHO QoL
survey, was implemented in a socioeconomically disadvantaged community. The application of the
testbed in Lindängen was highly appreciated by the participants. The �ndings of the current study
illustrate that the physical health of the participants from Lindängen, as evident from biomedical
parameters, was comparable to the general Swedish population, apart from a higher number of obese
individuals and fewer cases of overweight. Using multivariate non-linear regression analysis interesting
correlations between perceived health and biomedical metrics were disclosed. The results from this study
strongly suggest the need to assess health using multiplex methods along with different
mathematical/statistical approaches, especially in socially disadvantaged communities. Thus, future
efforts should be devoted towards the automatization of data gathering process, proper data handling
and storage following current General Data Protection Regulation rules, as well as advance analysis of
the collected data using different mathematical/statistical approaches, including the development and
exploitation of advanced Arti�cial Intelligence based diagnostic systems.
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RHR: Resting heart rate
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Non-invasive devices (a) blood pressure monitor iHealth Sense, (b) bioimpedance-meter Tanita
MC780MA, (c) cardiovascular diagnostic complex AngioScan-01, (d) BG20 blood glucose meter.

Figure 2

Blood pressures and resting heart rates. (a) systolic pressures, (b) diastolic pressures, and (c) resting
heart rates.
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Figure 3

Body composition analysis (a) body weight, (b) fat mass, (c) muscle mass, (d) fat free mass, (e) body
mass indexes, and (f) difference in real and metabolic ages.
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Figure 4

Body composition analysis. (a) body fat in the age group 20-39 years, (b) body fat in the age group 40-59
years, and (c) body fat in the age group 60-79 years.  
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Figure 5

Vascular system analysis(a) difference in real age and vascular aging, and (b) stress index.
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Figure 6

Non-invasive determination of blood bioanalytes. (a) blood hemoglobin, (b) blood glucose.
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