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ABSTRACT

Background: Various multifactorial elements may contribute toward the urban and
rural disparities in cardiovascular disease (CVD) risk, particularly among patients with
psychiatric diseases.

Objective: To investigate whether rural patients diagnosed and treated for Bipolar Disorder
(BD) have different risk profiles and outcomes of CVD compared to urban (BD) patients.

Methods: We conducted a case-control study that included 125 BD patients (cases) from
rural Filadelfia, Colombia and 250 BD patients (controls) treated in Bogotd, Colombia.
Cases and controls were 2:1, matched by age and sex. We applied the Framingham Heart
Study (FHS) risk calculator to assess risk. Differences by rural/urban status (i.e., case-
control status) were assessed by chi-square, paired t-tests, and logistic regression.

Findings: Rural BD patients were found to have lower education (p = 1.0 x 10), alcohol
consumption (p = 3.0 x 10-*), smoking (p = 0.015), psychiatric (p = 1.0 x 10) and CV family
history (p = 0.0042) compared to urban BD patients. Rural BD patients were 81% more
likely to have a more favorable CVD risk profile (OR: 0.19, 95% CI [0.06-0.62]) than urban
BD patients, despite rural BD patients having increased CVD morbidity (p = 1.0 x 10-2).

Conclusion: Based on increase in morbidity but lower predictive risk in the rural population,
our study suggests that the FHS-CVD calculator may not be optimal to assess CVD risk in
this population.
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INTRODUCTION

Previous research has demonstrated a well-documented discrepancy between urban and rural
access to healthcare on a global scale [1]. Many of these studies investigate the differences
between the two general populations but fail to highlight the significant stratification within
vulnerable subgroups, such as psychiatric patients.

Many studies point to a link between psychiatric diseases and the incidence of cardiovascular
disease (CVD) [2-4]. This may be due to neuroendocrine or immuno-inflammatory abnormalities
underlying bipolar disorder (BD) as well as adverse effects of antipsychotic medications on
the cardiovascular system [5, 6]. Furthermore, systemic factors imposed by rural versus urban
populations are important to consider in this CVD association, including adverse lifestyle factors,
limited access to healthcare and education, lack of specialized medical care and absence of
continuity of care for rural populations. Additionally, previous research in the general population
(non-psychiatric groups) has highlighted that although people with a lower level of education in
low-income and middle-income countries have higher incidences of and morbidity from CVD, they
have better overall risk factor profiles [7].

In BD, the pharmacological treatments that are used for the disease management in its different
clinical phases have been linked to an increased risk of metabolic syndrome [8]. In particular, the
second-generation antipsychotics commonly used in BD also contribute to CVD risk. This could
explain the presence of CVD as a comorbidity of these patients; although it may not be the only
factor involved, as evidenced by literature which links the complex genetic interactions between
BD and CVD [9]. One study calls attention to an increased rate of hypertension (HTN) amongst BD
patients in Aranzazu, a small rural municipality in Caldas, Colombia (population: 9854) [10], when
compared to a matched urban population [11]. Similarly, investigations point to an increased risk
of HTN in BD patients compared to other mental disorders, such as schizophrenia [12, 13].

Filadelfia (population: 9,630) [10], situated ten miles west of Aranzazu, is a rural municipality also
located in the Caldas region of Colombia, famously known for its production of coffee. This is the
home of the “Paisa” population, a genetically and culturally homogeneous population of Colombia
which has been the focus of genetic studies in neuropsychiatric disorders for the last decade [11].
The rural population, predominantly of Paisa descent, in this district of Colombia is highly affected
by major mental disorders, local investigators have discovered high rates of BD type I and I, where
its prevalence is estimated to be between 5-8% compared to 1-2% around the world [14].

Filadelfia serves as an appropriate model for investigating whether patients diagnosed and
treated for BD in rural populations have different risk profiles and outcomes of CVD compared to
patients diagnosed and treated in urban centers. Our group chose to investigate whether there
were differences in the risk profiles predictive of CVD and ensuing cardiovascular morbidity in rural
versus urban BD patients in Colombia. This study is expected to contribute to the scientific literature,
currently limited about CVD risk in rural BD patients. Additionally, it intends to draw attention to
national and international authorities responsible for supervising and allocating health resources
for primary and secondary care for this group of vulnerable BD patients.

MATERIALS AND METHODS

We conducted a case-control study in two different provinces of Colombia to explore the hypothesis
that CVD morbidity and psychiatric treatment was different in rural compared to urban BD patients.

Briefly, all BD type I and II patients over age 18 from Filadelfia, Colombia with medical records
available were eligible for inclusion. Cases, assumed to be predominantly of Paisa origin, were
identified from a review of medical records of subjects diagnosed with BD treated between
January 2013 and December 2018 of the San Bernardo Hospital in Filadelfia, Caldas (Colombia).
Based on these criteria, 143 total cases from Filadelfia were originally collected and 13 patients
were removed from the study due to exclusion criteria or insufficient available medical records
(Figure 1a). One hundred and twenty-five of 143 cases (87%) were enrolled into the study. Eligible
controls (urban) were selected from patients (n = 250) diagnosed with BD treated at Instituto
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Colombiano del Sistema Nervioso (ICSN) - Clinica Montserrat, a tertiary referral medical center
for psychiatry. Controls were 2:1 individually matched to cases based on age (+2 years) and
sex (Figure 1b). Criteria of exclusion omitted rural cases with residence in urban centers, urban
controls with residence in rural zones and any patient with medical history not available prior to
2009. The data was reviewed and collected by five trained investigators from electronic medical
records. This research protocol was approved by the Einstein IRB, an independent ethical review
committee in Bogota, Colombia, as well as a review committee in Filadelfia, Caldas, Colombia.
Requirements for informed consent were waived as the study was a retrospective study based on
medical chart review.

The study recorded medical histories of cardiovascular diseases, and other existing comorbidities,
from medical chart reviews at each institution. Comorbidities were tabulated based on organ
system and description. The Framingham Heart Study (FHS) risk calculator was used to assess
CVD risk among study populations, which computes 10-year risk of developing CVD based on
sex, age, systolic blood pressure (SBP), treatment for HTN, Diabetes Mellitus (DM), smoking, and
BMI. The FHS risk score calculator was used to determine either Low (<10%), Moderate (>10%) or
High (>20%) risk of CVD. Per recommendations from FHS risk calculator developers, BMI was used
instead of cholesterol values to determine FHS calculator risk score due to incomplete lipid profiles
upon medical chart review [15].
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Figure 1a Diagram of case-
control research methodology.
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First, unconditional logistic regression was used to estimate the odds ratio and calculate the
95% confidence interval for the association between CVD risk adjusted for education. Odds ratios
and 95% confidence intervals were calculated and adjusted for age and sex. Second, the study
repeated the unconditional regression model removing education to determine direction of
association and difference in significance. Third, based on variables deemed clinically relevant,
the data set was analyzed with multiple univariate and multivariate unconditional regression
models analyzing CVD risk: (1) modeling CVD risk profile for the rural BD population when
compared with urban BD population, (2) modeling better risk profiles for the urban BD population,
(3) modeling better risk profiles for the rural BD population, (4) modeling patients with low risk
profiles when compared to patients with a high risk profile in BD patients from Bogota, and (5)
modeling patients with low risk profiles when compared to patients with high risk profiles in BD
patients from rural Colombia. All statistical methods were performed using JMP and SAS software,
version 9.1 (SAS Institute, Cary, NC), unless stated elsewhere.

RESULTS

Urban BD cases tended to be more likely to complete high school (p = 1.0 x 10-*), smoke (p = 3.0 x
107), and consume alcohol (p = 0.015), than rural BD cases (Table 1). Differences were also noted
between the populations with an increased likelihood of there being psychiatric (p = 1.0 x 10%)
and cardiovascular family history in the urban population (p = 0.0042). We also found that the
rural population was more likely to have a GI diagnosis (p = 0.0027), and the urban population was
more likely to have a diagnosis of hypothyroidism (p = 1.0 x 10*) (Table 1).

DEMOGRAPHIC RURAL URBAN TOTAL p-VALUE
CHARACTERISTICS n % OR AVG n % OR AVG n % OR AVG

Male 46 36.8 92 36.8 138 36.8 1.0

Age 125 532 250 541 375 538 1.0

BMI 123 259 218 261 341 26.0 0.73
Completed Education 19 22.1 218  90.5 237 725 1.0 x10*
Alcohol 7 5.98 49 20.9 56 15.9 3.0x10*
Smoking 24 20.5 84 33.6 108  29.4 0.015
Psychiatric Family History 27 24.6 156 435 183  50.8 1.0x10*
CVD Family History 30 283 108  44.6 138 397 0.0042
Pulmonary Conditions 6 4.80 26 10.4 32 8.53 0.067

GI Conditions 34 27.2 36 9.60 70 18.7 0.0027
Hypothyroidism 8 6.40 55 22.0 63 16.8 1.0 x 10*
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Figure 1b Table delineating
differences in geographic
setting, subpopulations, and
selection venue between urban
and rural cohorts studied with
Bipolar Disorder.

Table 1 Demographic
information comparing Rural
Filadelfia Bipolar Disorder
population with urban Bogota
Bipolar Disorder Population.
Comparison of age, sex, BMI,
education, alcohol use, current
tobacco use, family history,
and non-psychiatric comorbid
conditions.
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treatment. The urban population was more likely than the rural population to be treated with DOI: 10.5334/aogh.3479

Lithium (p = 2.0 x 10*), Lamotrigine (p = 1.0 x 10%), and 1% & 2" generation antipsychotics

(p=1.0x10"%), (p=1.0 x 10-*). Conversely, the rural population was more likely to be treated with

Valproic Acid (p = 1.0 x 10) and Selective Serotonin Reuptake Inhibitors (SSRIs) (p = 1.0 x 10?).

Our comparison of non-psychiatric medical management finds that the only statistical difference

is in NSAID use, which is more likely to be used in the urban population (p = 0.012) (Table 2).

PHARMACOLOGICAL RURAL URBAN TOTAL p-VALUE
TREATMENT
n % n % n %
Valproic Acid 84 67.2 115 46.0 199 53.1 1.0 x10*
Lithium 17 13.6 79 31.6 96 25.6 2.0x10*
Lamotrigine 1 0.8 37 14.8 38 10.1 1.0 x10*
Anticonvulsants 13 10.4 22 8.80 35 9.33 0.62
1st Generation Anti-Psychotics 17 13.6 116 46.4 133 355 1.0x10*
SSRIs 52 41.6 71 28.4 123 32.8 1.0 x 1072
Atypical Antidepressants 25 20.0 34 13.6 59 15.7 0.11
2nd Generation Anti-Psychotics 47 37.6 224 89.6 271 723 1.0 x 10
Lipid Drugs 24 19.2 42 16.8 66 17.6 0.57 Table 2 Differences in
Diabetes 9 7.20 19 7.60 29 747 089 psychiatric and non-psychiatric
pharmacological treatment
Anti-Coagulants/Platelets 8 6.40 8 3.20 16 4.27 0.15 between rural (Filadelfia) and
NSAIDs 40 32,0 114 456 15 411 1.0x10? urban (Bogota) Bipolar Disorder

populations in Colombia.

The burden of cardiovascular disease was higher in the rural population, particularly in peripheral
artery disease (PAD) (p = 1.0 x 10*) (Table 3), compared to the urban population. The urban
patients had a higher overall SBP (p = 3.0 x 10“) and were more likely to smoke than the rural
patients (p = 0.015). On the other hand, the rural population was more likely to have a diagnosis
of HTN (p = 0.0064) and dyslipidemia (p = 1.0 x 10). A higher proportion of the urban population
was high risk, but this was not statistically significant (p = 0.16) (Table 3).

Table 3 Comparison of overall
Cardiovascular Disease

n % n % n % morbidity, risk factors and
profiles between rural

CVD MORBIDITY RURAL URBAN TOTAL p-VALUE

Overall 21 16.8 20 8.00 41 10.9 1.0 x 107 (Filadelfia) and urban (Bogota)

CAD 10 8.00 9 3.60 19 5.07 0.067 patients with Bipolar Disorder in
Colombia.

PAD 15 12 3 1.20 18 4.80 1.0 x 10

CHF 0 0 4 1.60 4 1.07 0.16

Arrhythmia 2 1.60 3 1.20 5 1.33 0.75

valvular 0 0 1 0.40 1 0.26 0.48

Stroke/TIA 1 0.80 2 0.80 3 0.80 1.0

CVD Risk Factors for FHS

SBP 119 118 244 123 363 121 3.0 x 10

Treatment for HTN 39 31.2 58 23.2 97 25.9 0.095

HTN 38 304 45 18.0 83 22.1 0.0064

Diabetes 12 9.60 18 7.20 30 8.00 0.42

Smoking 24 20.5 84 33.6 108 294 0.015

(Contd.)



CVD MORBIDITY RURAL URBAN TOTAL p-VALUE
n % n % n %

BMI >30 20 16.7 45 20.6 65 19.2 0.37

Dyslipidemia 55 44.0 30 12.0 85 22.7 1.0 x10*

Estimated CV Risk Prediction 95 9.72 206 113 301 10.8 0.15

>20% 10 yr Risk of CVD 13 13.7 42 20.4 55 18.3 0.16

Rural patients had a better CVD risk profile compared to urban controls (OR: 0.19 95% CI: 0.06-
0.62) (Table 4). The rural population is less likely to have completed education, (OR: 0.012 95%
CI: 0.003-0.045), and less likely to be treated with 15t generation (OR: 0.12 95% CI: 0.029-0.462)
and 2" generation (OR: 0.05 95% CI: 0.01-0.16) antipsychotics, respectively.

ODDS RATIO 95% CONFIDENCE INTERVAL
CVD Risk 0.192 0.059-0.623
Completed Education 0.0120 0.003-0.045
Alcohol Consumption 0.191 0.032-1.135
1st Generation Anti-psychotics 0.115 0.029-0.462
2nd Generation Anti-psychotics 0.0460 0.013-0.156
Valproic Acid 1.957 0.611-6.274
Lithium 1.74 0.472-6.435
Atypical Antidepressants 1.21 0.272-5.382
SSRI 1.53 0.485-4.847

When modeling for factors associated with better risk profiles in both populations, our results
suggested that those with better risk profiles in Bogota were less likely to be treated with Valproic
Acid (OR: 1.957 95% CI: 0.611-6.274), and more likely to be treated with Atypical Antidepressants
(OR: 1.21 95% CI: 0.272-5.382), though not statistically significant (Table 5). Additionally, those
with a better risk profile less likely to be receiving lipid-lowering agents (OR: 0.275 95% CI:
0.103-0.734). In Filadelfia, no such relationship existed; however, those with better profiles in the
rural population were significantly less likely to have been treated with NSAIDs (OR: 0.248 95%

CI: 0.077-0.798).
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Table 4 Cardiovascular Disease
(CVD) risk profile (>10% risk of
CVD in 10 years), education,
alcohol consumption, and
psychiatric treatment for

the rural (Filadelfia) Bipolar
Disorder (BD) population when
compared with an urban
(Bogota) Bipolar Disorder
population in Colombia.

Table 5 Risk profiles
associated with <10% risk of
Cardiovascular Disease (CVD)
in 10 years compared to
those with >10% risk of CVD
in ten years, among Bipolar
Disorder patients in Colombia.
Lamotrigine was excluded in
the rural population due to
small sample size.

BOGOTA (URBAN)

FILADELFIA (RURAL)

ODDS RATIO 95% CONFIDENCE INTERVAL ODDS RATIO 95% CONFIDENCE INTERVAL
Alcohol 0.803 0.359-1.793 0.692 0.054-8.825
1st Generation Anti-psychotics 1.43 0.729-2.794 0.638 0.121-3.369
2nd Generation Anti-psychotics 1.64 0.542-4.957 1.07 0.371-3.081
Lithium 1.22 0.58-2.583 1.35 0.3086.315
Valproic Acid 0.521 0.264-1.03 0.820 0.244-2.763
TCA 1.76 0.132-23.518 1.57 0.191-12.901
SSRI 1.05 0.493-2.228 2.19 0.711-6.728
Atypical Antidepressants 3.09 0.967-9.886 0.605 0.154-2.38
Lamotrigine 1.81 0.699-4.7
Anticonvulsants 1.08 0.358-3.236 1.39 0.226-8.563
Lipids Medications 0.275 0.103-0.734 1.19 0.248-5.69
Anticoagulants 0.295 0.038-2.303 2.42 0.196-29.871
NSAIDs 0.707 0.63-1.39 0.248 0.077-0.798




In Bogota, patients with an elevated FHS risk score (>20% CVD risk in 10 years) were more
likely to be treated with medications for glycemic control (OR: 0.037 95% CI: 0.008-0.167)
compared to with patients with risk <10%. Further, high risk profiles were associated with
lipid-lowering agents (OR: 0.409 95% CI: 0.153-1.093), though not statistically significant.
Conversely, no such differences were found between high risk and low risk patients in rural
Filadelfia (Supplementary Table 1).

DISCUSSION

This is the first study, to the best of our knowledge, that compares CVD risk profiles between
urban and rural patients with comorbid BD in a middle-income country. Accordingly, as suggested
by this analysis, the urban population is more likely to have toxic habits and higher education
as well as more likely to be using 1%t and 2™ generation antipsychotic medications. Additionally,
the rural population showed evidence of better CVD risk profiles as indicated by the FHS risk
calculator; however, the same population had a higher morbidity of CVD disease. The implication
is that the CVD risk calculators are not accurately predicting risk of CVD in this rural population.
This phenomenon of either underestimation or, in the case of US Hispanics, overestimation, has
also been noted with this risk calculator; nonetheless it has been validated for global studies in
the past [16-18].

Demographically speaking, our populations are representative of the general trends between
urban and rural subgroups in that the urban population tends to be more educated and has
increased access to specialized medical care. Furthermore, we find that the urban population was
more likely to use tobacco and drink alcohol, two well known risk factors for CVD [15]. Interestingly,
we were surprised to find a higher prevalence of self-reported psychiatric family history in the
urban group, given the high prevalence rates of BD in the rural population, this finding could be
explained by the social stigma associated with BD.

In terms of comorbid conditions, the authors also noted an increased prevalence of GI disorders
in the rural population. Given the fact that this population’s predominant treatment for BD is
Valproic acid, and its side effects are closely tied to GI discomfort [19], this could provide a
plausible explanation; however, no clear association was elucidated. Next, we find that the
urban population is 3.5 times more likely to have a diagnosis for hypothyroidism as compared
to the rural population. Given that Lithium is used at almost 2.3 times the rate in the urban
population compared to the rural population, this may suggest a role of medication side effect in
the population [20].

Beyond the differences in demographics, family history, and comorbidities, some of the starkest
differences seen in our populations of interest was in their psychiatric treatment. As mentioned
in the introduction, the mainstay treatment for BD in rural communities in Colombia is Valproic
Acid or Lithium. The two of these account for most of the psychiatric treatment for these patients
(Table 2). 1t was also startling to see that a substantial proportion of the rural patients were
being treated with antidepressants (Table 2), a well-known yet controversial contraindication
to treatment with BD patients [21]. This is likely due to prescriber inexperience, insurance
limitations, and lack of access to more novel treatments. Conversely to this population, we
see the urban cohort is more likely to be treated with 1st & 2nd generation antipsychotics and
Lamotrigine. The prevalent use of antidepressants is also significantly lower than in the rural
counterparts (Table 2). Interestingly, we presumed that the induction of metabolic syndrome
with use of antipsychotics would play a role into CVD of urban patients [22, 23], but no
such association was noted in our study (Table 5). Outside of psychiatric treatment, we only
found increased use of NSAIDs in urban patients (Table 2). Given recent literature exploring
the role of inflammatory markers [24, 25] in BD patients, this is a relationship the authors
found intriguing.
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[26]. Focusing in on previous studies in Colombia, these have pointed to social disparities as a DOI: 10.5334/aogh.3479

driver of hypertension [27]. Furthermore, literature suggests that socioeconomic status can serve

as a predictor for CVD in countries like Colombia [28]. Therefore, when analyzing the morbidity of

CVD between the two populations, the authors hypothesized an increased burden on the rural

population. Based on our analysis, this hypothesis turned out to be true. Particularly specific,

PAD was the most comorbid cardiovascular condition in the rural group (Table 3). Given a higher

occurrence of CVD in the rural population, authors expected to see elevated risk profiles for this

population. Surprisingly, when calculating the FHS-CVD risk score for both populations, there was

no significant differences found. However, our analysis suggested that the urban population had

a higher proportion of high-risk patients than the rural population (Table 3). These findings are

consistent with published literature on the subject [7].

Our results suggest the lower CVD risk profiles in the rural population can be explained by the
lower prevalence of smoking, and decreased SBP, used by the FHS-CVD risk calculator (Table 3).
Given the increased CVD morbidity in the rural population, this suggests that these variables used
to calculate CVD risk are inadequate in this population sample (Figure 2). This finding is consistent
with previous rural versus urban studies done in neighboring Venezuela [29]. This coupled with
the increased burden of disease in the rural population further supports the inadequacy of risk
calculators in rural populations in countries like Colombia. This is consistent with previous studies,
comparing non-psychiatric urban and rural cohorts, done in countries of similar income profiles
which highlight how contributing modifiable risk factors for CVD vary by a country’s economic
level. These studies support the idea that CVD risk calculators lack generalizability when used in
rural populations in middle-low-income countries [30-32].

Figure 2 Graphic
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Importantly, our results also suggest that factors not accounted for by the risk calculator are
accounting for the excess morbidity in the rural population, whose burden of CVD is not predicted
by the risk calculator. Previous studies have suggested that the heterogeneity of CVD comorbidity
in bipolar disorder patients may be related to variation in the genetic susceptibility to CVD across
subgroups of BD patients [12]. Given the potentially unique genetic background of our rural
cohort, genetic factors of the Paisa genome may contribute to our observed discrepancies. Other
contributing factors may be related to lifestyle habits, socioeconomic background, and comorbid
illness. This is in line with previous research on variables not accounted for by CVD risk calculators
when predicting risk [33].



Next, patients from the urban population with the best CVD risk profiles (<10% CVD risk) were
less likely to be treated with lipid drugs, a finding consistent with current medical literature
suggesting the role of dyslipidemias in CVD [15]. Though not significant, but still suggestive,
Valproic Acid was used half as much in patients with the best risk profiles in Bogota (Table 5).
This result provides one plausible explanation for the higher CVD morbidity in Filadelfia that
may be linked to Valproic Acid which was more commonly used in the rural population (Table 2).
Using the same model, in the rural population, we found that the patients in Filadelfia in the
low-risk category were less likely to be treated with NSAIDs than their moderate/high risk
counterparts (Table 5). Again, intriguing given the currently elucidating relationship between BD
and inflalmmation [5, 6].

LIMITATIONS

The Paisa population may be a genetic isolate with a potentially unique genetic profile, therefore
our generalizability may be limited and not extend to all rural populations. Additionally, it is
important to note that mental illness, particularly in rural areas, is extraordinarily stigmatized.
If a person seeks out a mental health professional, it is generally viewed with a negative
connotation by the rest of the population. This often leads to labels such as “crazies,” or “the
crazy town.” This is a factor that prevents people with mental illness from seeking specialized
medical care. Given the lack of education in rural towns, patients affected by mental disorders
oftentimes attribute their symptoms to part of their personality, hexing or demonic possession.
These individuals rarely seek medical care. Another potential limitation was a selection bias
toward patients that favor seeking medical attention. In the rural setting, there is only one
clinic serving all medical problems in the municipality. Some patients in the municipality were
still five to seven hours away walking distance. Because of the extensive effort required to seek
medical care in this setting, it can be implied that only those that were highly motivated would
seek treatment. The urban cohort may also introduce selection bias since access to care is
more widely available, and the patient population is presumably more psychiatrically ill in a
tertiary center.

Furthermore, in tabulation of comorbid conditions, we were unable to integrate Cumulative Illness
Rating Scales (CIRS), to assess our cohorts due to lack of data availability, future research should
better integrate this tool for greater accuracy in measuring these variables. Lastly the power of our
study was limited by the number of rural patients included in our study.

CONCLUSION

Even though the urban population in Bogota had more favorable risk profiles than the rural
Filadelfia population, the rural population had significantly elevated morbidity of CVD. This
suggests that the calculator used to gauge risk is a generally inadequate tool to assess CVD risk
in rural BD patients in countries like Colombia. Additionally, differences in mainstay psychiatric
treatment between rural and urban patients were stark, likely a reflection of the multifactorial
variables affecting rural, generally uneducated patients. “The data collected from the study
suggests a better method of risk stratification is needed for rural BD populations that is
generalizable to other psychiatric populations. Once implemented, treatment needs to then be
optimized to address risk factors not captured by the FHS calculator, for both psychiatric and
non-psychiatric patients.”
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SUPPLEMENTARY TABLE

MODELING PROBABILITY FOR PATIENTS BOGOTA (URBAN) FILADELFIA (RURAL)

WITH BETTER RISK PROFILES ODDS RATIO  95% CONFIDENCE INTERVAL ODDS RATIO  95% CONFIDENCE INTERVAL
Alcohol Consumption 0.742 0.274-2.007 0.44 0.031-6.218
1st Generation Anti-psychotics 1.14 0.487-2.66 0.715 0.117-4.361
2nd Generation Anti-psychotics 0.558 0.118-2.635 1.14 0.299-4.352
Lithium 0.857 0.333-2.201 3.14 0.299-4.352
Valproic Acid 0.721 0.307-1.691 1.08 0.246-4.746
TCA 0.753 0.038-15.047

SSRI 0.902 0.352-2.308 1.20 0.306-4.678
Atypical Antidepressants 447 0.76726.048 1.78 0.308-10.288
Lamotrigine 1.17 0.366-3.713

Anticonvulsants 1.45 0.33-6.397 0.689 0.107-4.443
Lipid Meds 0.409 0.153-1.093 0.597 0.114-3.131
Diabetic Meds 0.0370 0.008-0.167

Anticoagulant 0.422 0.052-3.429

NSAIDs 0.779 0.333-1.822 0.471 0.122-1.819
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Supplementary Table 1
Comparison of unconditional
regression models from Bipolar
Disorder patients from rural
Colombia (Filadelfia) and urban
Colombia (Bogota). Modeling is
based on patients with low risk
profiles (<10% Cardiovascular
disease risk in 10 years)

when compared to patients
with high risk profiles (>10%
Cardiovascular disease risk in
10 years). Lamotrigine, TCA,
Anticoagulant, and Diabetic
Medications were excluded
since these variables did not
have sufficient variation in the
data.



AUTHOR AFFILIATIONS Forero et al.

Annals of Global Health
Juan Pablo Forero, B.S. () orcid.org/0000-0002-2524-332X DOI: 10.5334/a0gh.3479
Albert Einstein College of Medicine (AECOM), 1300 Morris Park Ave, Bronx, NY, USA 10461
Alexander Ferrera, B.S.
Albert Einstein College of Medicine (AECOM), 1300 Morris Park Ave, Bronx, NY, USA 10461
Jose Daniel Castano, M.D.
E.S.E. Hospital San Bernardo, ClL. 9 Cra. 5, Filadelfig, Caldas, Colombia; Faculty of Health Sciences, E.S.E.
Hospital Universitario de Caldas, Cll. 48 #25-71, Manizales, Colombia
Sergio Ardila, M.D.
Instituto Colombiano del Sistema Nervioso, Cll. 134 #17-71, Bogota D.C., Colombia
Tanya Mesa, M.D.
Instituto Colombiano del Sistema Nervioso, Cll. 134 #17-71, Bogota D.C., Colombia
Dean Hosgood, PhD.
Albert Einstein College of Medicine (AECOM), 1300 Morris Park Ave, Bronx, NY, USA 10461
Eugenio Ferro, M.D. orcid.org/0000-0002-2127-7696
Instituto Colombiano del Sistema Nervioso, Cll. 134 #17-71, Bogota D.C., Colombia

REFERENCES

1. Gong W, Wei X, Liang Y, et al. Urban and Rural Differences of Acute Cardiovascular Disease Events: A
Study from the Population-Based Real-Time Surveillance System in Zhejiang, China in 2012. PLoS One.
2016; 11(11): e0165647. DOL: https://doi.org/10.1371/journal.pone.0165647

2. Fiedorowicz JG. Depression and cardiovascular disease: An update on how course of illness may influence
risk. Curr Psychiatry Rep. Oct 2014; 16(10): 492. DOL: https://doi.org/10.1007/s11920-014-0492-6

3. Goldstein BI, Carnethon MR, Matthews KA, et al. Major Depressive Disorder and Bipolar Disorder
Predispose Youth to Accelerated Atherosclerosis and Early Cardiovascular Disease: A Scientific Statement
From the American Heart Association. Circulation. September 8, 2015; 132(10): 965-86. DOL: https://doi.
0rg/10.1161/CIR.0000000000000229

4. De Hert M, Detraux J, Vancampfort D. The intriguing relationship between coronary heart disease
and mental disorders. Dialogues Clin Neurosci. Mar 2018; 20(1): 31-40. DOI: https://doi.org/10.31887/
DCNS.2018.20.1/mdehert

5. Kilbourne AM, Goodrich DE, Lai Z, et al. Randomized controlled trial to assess reduction of
cardiovascular disease risk in patients with bipolar disorder: The Self-Management Addressing Heart Risk
Trial (SMAHRT). J Clin Psychiatry. July 2013; 74(7): e655-62. DOL: https://doi.org/10.4088/JCP.12m08082

6. Weiner M, Warren L, Fiedorowicz JG. Cardiovascular morbidity and mortality in bipolar disorder. Ann
Clin Psychiatry. February 2011; 23(1): 40-7.

7. Demyttenaere K, Bruffaerts R, Posada-Villa J, et al. Prevalence, severity, and unmet need for
treatment of mental disorders in the World Health Organization World Mental Health Surveys. JAMA.
June 2, 2004; 291(21): 2581-90. DOLI: https://doi.org/10.1001/jama.291.21.2581

8. LeuchtsS, Corves C, Arbter D, Engel RR, Li C, Davis JM. Second-generation versus first-generation
antipsychotic drugs for schizophrenia: A meta-analysis. Lancet. January 3, 2009; 373(9657): 31-41. DOIL:
https://doi.org/10.1016/5S0140-6736(08)61764-X

9. Davis JM, Chen N, Glick ID. A meta-analysis of the efficacy of second-generation antipsychotics. Arch
Gen Psychiatry. June 2003; 60(6): 553-64. DOI: https://doi.org/10.1001/archpsyc.60.6.553

10. Censo Nacional de Poblacion y Vividenda 2018 (2018).

11. Alfaro Moreno LXG, Castrillon CC, Gil JJM, et al. Relacion entre trastorno afectivo bipolar, depresion,
ansiedad, estrés y valores de presion arterial en poblacion de la Clinica San Juan de Dios, Manizales,
Colombia, 2014. Archivos de Medicina (Col). 2015; 15(2): 281-290. DOI: https://doi.org/10.30554/
archmed.15.2.1027.2015

12. Ayerbe L, Forgnone I, Addo J, Siguero A, Gelati S, Ayis S. Hypertension risk and clinical care in patients
with bipolar disorder or schizophrenia; A systematic review and meta-analysis. J Affect Disord. January 1,
2018; 225: 665-670. DOL: https://doi.org/10.1016/j.jad.2017.09.002

13. Johannessen L, Strudsholm U, Foldager L, Munk-Jorgensen P. Increased risk of hypertension in
patients with bipolar disorder and patients with anxiety compared to background population and
patients with schizophrenia. J Affect Disord. October 2006; 95(1-3): 13-7. DOI: https://doi.org/10.1016/j.
jad.2006.03.027

14. Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries
in 21 regions, 1990-2010: A systematic analysis for the Global Burden of Disease Study 2010. Lancet.
December 15, 2012; 380(9859): 2197-223. DOL: https://doi.org/10.1016/S0140-6736(12)61689-4

11


https://orcid.org/0000-0002-2524-332X
https://orcid.org/0000-0002-2524-332X
https://orcid.org/0002-2127-7696
http://orcid.org/0000-0002-2127-7696
https://doi.org/10.1371/journal.pone.0165647
https://doi.org/10.1007/s11920-014-0492-6
https://doi.org/10.1161/CIR.0000000000000229
https://doi.org/10.1161/CIR.0000000000000229
https://doi.org/10.31887/DCNS.2018.20.1/mdehert
https://doi.org/10.31887/DCNS.2018.20.1/mdehert
https://doi.org/10.4088/JCP.12m08082
https://doi.org/10.1001/jama.291.21.2581
https://doi.org/10.1016/S0140-6736(08)61764-X
https://doi.org/10.1001/archpsyc.60.6.553
https://doi.org/10.30554/archmed.15.2.1027.2015
https://doi.org/10.30554/archmed.15.2.1027.2015
https://doi.org/10.1016/j.jad.2017.09.002
https://doi.org/10.1016/j.jad.2006.03.027
https://doi.org/10.1016/j.jad.2006.03.027
https://doi.org/10.1016/S0140-6736(12)61689-4

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

D’Agostino RB, Sr., Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for use in primary Forero et al. 12
care: The Framingham Heart Study. Circulation. February 12, 2008; 117(6): 743-53. DOL: https://doi. ‘D‘g’l"”lsooé‘;a’zj’:é ;he‘;fgg
org/10.1161/CIRCULATIONAHA.107.699579

Mendis S. The contribution of the Framingham Heart Study to the prevention of cardiovascular disease:
A global perspective. Prog Cardiovasc Dis. July-August 2010; 53(1): 10-4. DOI: https://doi.org/10.1016/].
pcad.2010.01.001

Hemann BA, Bimson WF, Taylor AJ. The Framingham Risk Score: An appraisal of its benefits

and limitations. Am Heart Hosp J. Spring 2007; 5(2): 91-6. DOI: https://doi.org/10.1111/j.1541-
9215.2007.06350.x

D’Agostino RB, Sr., Grundy S, Sullivan LM, Wilson P, Group CHDRP. Validation of the Framingham
coronary heart disease prediction scores: Results of a multiple ethnic groups investigation. JAMA. July 11,
2001; 286(2): 180-7. DOLI: https://doi.org/10.1001/jama.286.2.180

Nanau RM, Neuman MG. Adverse drug reactions induced by valproic acid. Clin Biochem. October 2013,
46(15): 1323-38. DOL: https://doi.org/10.1016/j.clinbiochem.2013.06.012

Gitlin M. Lithium side effects and toxicity: prevalence and management strategies. Int J Bipolar Disord.
December 2016; 4(1): 27. DOI: https://doi.org/10.1186/s40345-016-0068-y

Visser HM, Van Der Mast RC. Bipolar disorder, antidepressants and induction of hypomania

or mania. A systematic review. World J Biol Psychiatry. 2005; 6(4): 231-41. DOI: https://doi.
0rg/10.1080/15622970510029885

Correll CU, Detraux J, De Lepeleire J, De Hert M. Effects of antipsychotics, antidepressants and mood
stabilizers on risk for physical diseases in people with schizophrenia, depression and bipolar disorder.
World Psychiatry. June 2015; 14(2): 119-36. DOI: https://doi.org/10.1002/wps.20204

Penninx B, Lange SMM. Metabolic syndrome in psychiatric patients: Overview, mechanisms, and
implications. Dialogues Clin Neurosci. March 2018; 20(1): 63-73. DOI: https://doi.org/10.31887/
DCNS.2018.20.1/bpenninx

Dargel AA, Godin O, Kapczinski F, Kupfer DJ, Leboyer M. C-reactive protein alterations in bipolar
disorder: A meta-analysis. J Clin Psychiatry. February 2015; 76(2): 142-50. DOI: https://doi.org/10.4088/
JCP.14r09007

Marshe VS, Pira S, Mantere O, et al. C-reactive protein and cardiovascular risk in bipolar disorder
patients: A systematic review. Prog Neuropsychopharmacol Biol Psychiatry. October 3, 2017; 79(Pt B):
442-451, DOL: https://doi.org/10.1016/j.pnpbp.2017.07.026

Stein DJ, Aguilar-Gaxiola S, Alonso J, et al. Associations between mental disorders and subsequent
onset of hypertension. Gen Hosp Psychiatry. March-April 2014; 36(2): 142-9. DOI: https://doi.
0rg/10.1016/j.genhosppsych.2013.11.002

Camacho PA, Gomez-Arbelaez D, Molina DI, et al. Social disparities explain differences in hypertension
prevalence, detection and control in Colombia. J Hypertens. December 2016; 34(12): 2344-2352. DOL:
https://doi.org/10.1097/HJH.0000000000001115

Rosengren A, Smyth A, Rangarajan S, et al. Socioeconomic status and risk of cardiovascular disease in
20 low-income, middle-income, and high-income countries: The Prospective Urban Rural Epidemiologic
(PURE) study. Lancet Glob Health. June 2019; 7(6): e748-e760. DOI: https://doi.org/10.1016/52214-
109X(19)30045-2

Querales-Carrasquel MI, Rojas-Pacheco SA, Silva E, et al. Cardiovascular risk factors in urban and rural
communities from Tinaquillo, Venezuela. Rev Salud Publica (Bogota). March-April 2017; 19(2): 188-193.
Factores de riesgo cardiovascular en comunidades urbana y rural. Tinaquillo, Venezuela. DOI: https://doi.
0rg/10.15446/rsap.vi9n2.41332

Yan R, Li W, Yin L, Wang Y, Bo J, Investigators PU-C. Cardiovascular Diseases and Risk-Factor Burden in
Urban and Rural Communities in High-, Middle-, and Low-Income Regions of China: A Large Community-
Based Epidemiological Study. J Am Heart Assoc. February 6, 2017; 6(2). DOI: https://doi.org/10.1161/
JAHA.116.004445

Yusuf S, Rangarajan S, Teo K, et al. Cardiovascular risk and events in 17 low-, middle-, and high-income
countries. N Engl J Med. August 28, 2014; 371(9): 818-27. DOL: https://doi.org/10.1056/NEJMoa1311890
Teo K, Chow CK, Vaz M, Rangarajan S, Yusuf S, Group PI-W. The Prospective Urban Rural Epidemiology
(PURE) study: Examining the impact of societal influences on chronic noncommunicable diseases

in low-, middle-, and high-income countries. Am Heart J. July 2009; 158(1): 1-7 el. DOI: https://doi.
0rg/10.1016/j.ahj.2009.04.019

Lucaroni F, Cicciarella Modica D, Macino M, et al. Can risk be predicted? An umbrella systematic review
of current risk prediction models for cardiovascular diseases, diabetes and hypertension. BMJ Open.
December 19, 2019; 9(12): e030234. DOTI: https://doi.org/10.1136/bmjopen-2019-030234


https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1016/j.pcad.2010.01.001
https://doi.org/10.1016/j.pcad.2010.01.001
https://doi.org/10.1111/j.1541-9215.2007.06350.x
https://doi.org/10.1111/j.1541-9215.2007.06350.x
https://doi.org/10.1001/jama.286.2.180 
https://doi.org/10.1016/j.clinbiochem.2013.06.012
https://doi.org/10.1186/s40345-016-0068-y
https://doi.org/10.1080/15622970510029885
https://doi.org/10.1080/15622970510029885
https://doi.org/10.1002/wps.20204
https://doi.org/10.31887/DCNS.2018.20.1/bpenninx
https://doi.org/10.31887/DCNS.2018.20.1/bpenninx
https://doi.org/10.4088/JCP.14r09007
https://doi.org/10.4088/JCP.14r09007
https://doi.org/10.1016/j.pnpbp.2017.07.026
https://doi.org/10.1016/j.genhosppsych.2013.11.002
https://doi.org/10.1016/j.genhosppsych.2013.11.002
https://doi.org/10.1097/HJH.0000000000001115
https://doi.org/10.1016/S2214-109X(19)30045-2
https://doi.org/10.1016/S2214-109X(19)30045-2
https://doi.org/10.15446/rsap.v19n2.41332
https://doi.org/10.15446/rsap.v19n2.41332
https://doi.org/10.1161/JAHA.116.004445
https://doi.org/10.1161/JAHA.116.004445
https://doi.org/10.1056/NEJMoa1311890
https://doi.org/10.1016/j.ahj.2009.04.019
https://doi.org/10.1016/j.ahj.2009.04.019
https://doi.org/10.1136/bmjopen-2019-030234

Jul @

Forero et al. 13
Annals of Global Health
DOI: 10.5334/a0gh.3479

TO CITE THIS ARTICLE:

Forero JP, Ferrera A, Castano
JD, Ardila S, Mesa T, Hosgood
D, Ferro E. Bipolar Disorder and
Cardiovascular Risk in Rural
versus Urban Populations

in Colombia: A Comparative
Clinical and Epidemiological
Evaluation. Annals of Global
Health. 2021; 87(1): 112, 1-13.
DOL: https://doi.org/10.5334/
aogh.3479

Published: 18 November 2021

COPYRIGHT:

© 2021 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.0/.

Annals of Global Health is a peer-
reviewed open access journal
published by Ubiquity Press.


https://doi.org/10.5334/aogh.3479
https://doi.org/10.5334/aogh.3479
https://doi.org/10.5334/aogh.3479
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

