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Objectives To objectively characterize phenome-wide associations observed in the entire Taiwanese population and represent
them in a meaningful, interpretable way.
Study Design In this population-based observational study, we analyzed 782 million outpatient visits and 15 394 unique phenotypes
that were observed in the entire Taiwanese population of over 22 million individuals. Our data was obtained from Taiwan’s National
Health Insurance Research Database.
Results We stratified the population into 20 gender-age groups and generated 28.8 million and 31.8 million pairwise odds ratios
from male and female subpopulations, respectively. These associations can be accessed online at http://associations.phr.tmu.edu.
tw. To demonstrate the database and validate the association estimates obtained, we used correlation analysis to analyze 100 phenotypes that were observed to have the strongest positive association estimates with respect to essential hypertension. The results
indicated that association patterns tended to have a strong positive correlation between adjacent age groups, while correlation estimates tended to decline as groups became more distant in age, and they diverged when assessed across gender groups.
Conclusions The correlation analysis of pairwise disease association patterns across different age and gender groups led to outcomes that were broadly predicted before the analysis, thus confirming the validity of the information contained in the presented
database. More diverse individual disease-specific analyses would lead to a better understanding of phenome-wide associations
and empower physicians to provide personalized care in terms of predicting, preventing, or initiating an early management of
concomitant diseases.

....................................................................................................................................................
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INTRODUCTION
Over a lifetime, a person can experience multiple diseases. Some
diseases are considered to be concomitant diseases or complications
of preexisting diseases, whereas others are considered to be independent. Despite rapid advances in the biomedical sciences, empirical phenome-wide associations remain a relatively inadequately
studied area.1,2 Traditional methods for exploring phenome-wide associations rely mostly on case reports and cohort studies that investigate one-on-one disease relationships.3 The rapid adoption of
electronic health records has resulted in the accumulation of an unprecedented amount of patient-level data by health care providers.4,5
It would be highly valuable to analyze such patient-level clinical data
in a way that would aid physicians to predict or detect at an early
stage concomitant diseases to initiate preventive and curative measures.6 The present study took advantage of the fact that in Taiwan’s
highly accessible and universal health care system, people visit their
physicians on an average of 15 times per year for even the slightest
of illnesses such as the common cold. Moreover, because the
National Health Insurance Bureau crosschecks all diagnostic and
medication codes before reimbursement, the codes are of good fidelity. Thus, the Taiwanese health system presents a unique opportunity
to observe the dynamics of disease-wide associations. The study
aims to objectively characterize phenome-wide associations observed

in the entire population and represent them in a meaningful, interpretable way.

METHODS
In this population-based observational study, we analyzed 782 million
outpatient visits and 15 394 unique diagnosis codes that were observed in the entire Taiwanese population of over 22 million individuals. We obtained our data from Taiwan’s National Health Insurance
Research Database (NHIRD). Using a mapping tool, all diagnoses (phenotypes) from the claim records were converted from NHI codes to
International Classification of Diseases (ICD), Ninth Revision, Clinical
Modification (ICD9-CM) codes of up to 5 digits.7 This study was based
on the assumption that 2 diseases co-occurred if and only if they were
recorded for the same individual within the 36-month observation window despite the number of times a phenotype was recorded for the
same individual. Any disease occurring outside the observation window was excluded from the analysis. Each subject was attributed to a
certain gender-age–specific group (male and female, aged 0 to 9, 10
to 19, . . . , and 90 to 99 years) and followed for 36 months from
January 1, 2000 through December 31, 2002. Against each pair of
ICD identified disorders, we recorded the number of disease occurrences and pairwise co-occurrences. Knowing the size of a given gender-age–stratified subpopulation segment, we assumed that the
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RESULTS
The results of the Spearman rank correlation for the top 100 phenotypes most strongly and positively associated with essential hypertension have been categorized into gender-age groups in table 1.
As expected, association patterns were closely related between
adjacent age groups (reflected in stronger positive correlations), while
the correlation strength tended to diminish with an increased distance
in age between individuals. The monotonic decrease in correlation coefficients persisted across the majority of age group pairs, with the
single exception of females aged 80–89 years vs groups aged 90–99
years. This finding would benefit from further investigation.
The monotonic divergence between association patterns with the
increasing age gap between groups can be explained through population dynamics; a prevalence of individual disorders were observed
across age groups, complemented by a decreasing number of individuals in older age groups. Once again, the presented analysis is largely
illustrative, though it can be further extended to different contexts and
directions. For example, the recorded information on the statistical uncertainty accompanying the odds ratio estimates obtained from the
data can be incorporated into an analysis involving P values and confidence limits, leading to an entirely new scope of information and related analysis opportunities.

DISCUSSION
Using a phenome-wide association approach, we developed a comprehensive database that can be accessed online at http://associations.phr.tmu.edu.tw/index.php/. Further, using correlation analysis,
we analyzed 100 phenotypes that were observed to have the strongest
positive association estimates with respect to essential hypertension.
The Spearman rank correlation results revealed that phenome-wide
associations significantly differed with age. For example, a woman
with obesity in her 20s (ICD9-CM 278.0) had higher odds of
experiencing hyperlipidemia, diabetes mellitus, or hypothyroidism;
whereas a woman in her 50s was prone to experience Cushing syndrome, corticoadrenal insufficiency, or hypothyroidism; and a woman
with obesity in her 70s had higher odds of developing a mental disorder, Cushing syndrome, or enthesopathy of the knee. This observational database can be used for identifying potential associations that
warrant further consideration but should not imply causality.
In the last two decades, extensive research has been conducted
on genome-wide associations,1,11,12 protein interactions,13–16 and
gene expression profiles17,18 to understand the pathophysiological
mechanisms of selected diseases such as hereditary diseases,19–21
cancers,22,23 and neurological disorders.24–26 However, there is no
comprehensive understanding of the mechanisms underlying most
diseases and their associations.1,2 The presented phenome-wide information resource enables the development and application of functional methodologies that can lead to a better understanding of
previously identified biological mechanisms as well as biological phenomena unnoticed before.27

CONCLUSIONS
Better understanding of phenome-wide associations will empower
physicians to provide personalized care in terms of predicting, preventing, or initiating an early management of concomitant diseases.
This study adopted a reverse translational approach28 to analyze the
large phenotypic data source from the NHIRDB. We argue that this
type of approach to understanding phenome-wide associations is a
critical milestone toward the comprehensive understanding of
complex associations among diseases. Phenome-wide associations
will provide an array of opportunities and challenges with regard to
classifying diseases and developing new treatment approaches.10 We
made this database open for researchers who are interested in exploring phenome-wide associations.
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number of pairwise co-occurrences were distributed by a (noncentral)
hypergeometric distribution characterized by a single parameter given
by an odds ratio— the odds of a person being affected by one disorder given the presence of another disorder.8 We have recorded the
odds ratio estimates, complemented by P values (under the null hypothesis of the odds ratio is less than 1) and 95% confidence limits
based on hypergeometric testing (see Rivals et al.). We did not apply
multiple comparison corrections to the resulting P values.
Moldovan et al. 9 comprehensively described the methodology of
the underlying objective characterization, which also revealed some
potential limitations behind the resulting estimates. For example, one
violation of the hypergeometric distribution assumption is the potential
dependence between disease occurrences observed in different subjects, as in the case for infectious diseases. One more limitation behind the suggested objective characterization is the specifics of how
disorders are recorded by medical practitioners, who may often assign
closely related but essentially different ICD diagnoses to the same
medical condition. This would cause a bias toward upward pairwise
association estimates between closely related conditions (which are
unlikely to be of a major interest anyway) but would not distort pairwise associations with other disorders. While recognizing the limitations of the objective characterization methodology suggested, we
maintain that pairwise disease-wide association estimates still bring
unique and valuable information if used with proper discretion.10
To validate the information contained in the pairwise association
estimates and to provide a demonstration of the presented database,
we performed the following straightforward correlation analysis. First,
we arbitrarily selected essential hypertension (ICD9-CM 401.9) as a
reference disorder, which was commonly observed in both sexes of
the groups aged 40 years and older. Next, we selected 100 disorders
with the greatest odds ratio estimates (strongest positive association)
that were common among the groups aged 40 to 49 through 90 to 99
years. We expected to observe a certain monotonic change in association patterns across the groups. After observing the monotonic change
and noting that there was no overlap between the subjects in each of
the considered gender-age–stratified groups, we were able to count
the outcome as an elementary validation for the information contained
in the phenome-wide association database we used.
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Table 1: The Spearman Rank Correlation for the Top 100 Phenotypes Associated with Essential Hypertension
Female and Male Groups by Age, y
Age, y

40–49

50–59

60–69

70–79

80–89

90–99

Female
40–49

1.00

50–59

0.956**

1.00

60–69

0.860**

0.936**

1.00

70–79

0.599**

0.731**

0.885**

1.00

80–89

0.273**

0.382**

0.546**

0.763**

1.00

90–99

0.060

0.153

0.266**

0.353**

0.265**

1.00

Male
40–49

1.00

50–59

0.965**

1.00

60–69

0.825**

0.909**

1.00

70–79

0.595**

0.707**

0.863**

1.00

80–89

0.342**

0.427*

0.611**

0.815**

1.00

90–99

0.158

0.202*

0.234*

0.254*

0.246*

1.00

Females vs Males
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Female and Male
Groups by Age, y

Spearman Rank Correlation (q)

40–49

0.863***

50–59

0.868***

60–69

0.733***

70–79

0.727***

80–89

0.597***

90–99

0.408***

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
***Correlation is significant at the 0.001 level (2-tailed).
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