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Abstract 

Background: Primary aldosteronism (PA), the most common cause of secondary hypertension is considered as a 
“major public health issue” due to higher risk of cardiovascular complications compared to blood-pressure-match 
hypertension and increase in prevalence around the world. In Thailand, though PA screening is provided under the 
universal health coverage, the service can be offered only at some centers. Hence, the service availability affects an 
accessibility of health care in patients. Our study aimed to evaluate the service utilization in PA screening and diagno-
sis in terms of geographical inequality in health resources in Southern Thailand.

Methods: Data of 688 patients who underwent PA screening from 2011 to 2017 were obtained from the electronic 
database of Songklanagarind Hospital, a super-tertiary center in this region. The patients’ residence in the province, 
district and subdistrict were transformed to a 6-digit numbers corresponding to the global one (GADM©). The areas 
with PA screening and diagnosis were visualized by disease mapping procedures. A general log linear model was 
used to identify the factors affecting patient’s service accessibility.

Results: From the geographic distribution, patients living in or near the area of the super-tertiary center (Songkhla) 
had high probability of receiving PA screening. The analysis of factors contributing to PA screening by multivariate log-
linear model demonstrated that the distance from the super-tertiary center was a predictive factor for screening while 
the presence of endocrinologists and cultural differences were not. The chance of patients living in Songkhla, living 
less than 200 km, and more than 200 km from Songkhla to receive PA screening was 100, 82, and 66%, respectively. 
The crude incidence rate of PA in Southern Thailand was 1.66/106 person-years. The provinces located adjacent to the 
Andaman Sea had the highest incidences of PA (3.62-5.17 patients/106 person-years).

Conclusions: There is still geographical inequality and the strategy to decrease the barrier should be resolved. The 
policymaker should develop a transfer system of blood tests for PA investigation from the local hospital to reduce 
the burden such as transportation costs in patients who live far away from the super-tertiary hospital. In addition, PA 
screening should be implemented in hypertension care plan.

Keywords: Geographical inequality, Primary Aldosteronism, Screening, Thailand, Spatial epidemiology

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Primary aldosteronism (PA) is a disorder that has an 
inappropriately high production of aldosterone with 
suppressed renin level. The prevalence of PA has been 
a growing concern around the world and it is the most 
common cause of secondary hypertension accounting 
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for 5-20% of hypertensive patients [1, 2]. In Southern 
Thailand, the PA prevalence of 16.7% has been reported 
in patients screened for secondary hypertension [3]. The 
early screening and diagnosis of PA are mandatory as 
PA significantly increases morbidity and mortality from 
cardiovascular disease and, if properly treated, the risk 
can be mitigated in the long-term [4–6]. Unfortunately, 
there remain some limitations in detecting hypertensive 
patients with PA [7].

The diagnosis of PA comprises three main steps: (i) 
screening, (ii) confirmation, and (iii) subtype classifica-
tion. At the screening step, biochemical testing of plasma 
aldosterone concentration (PAC) and plasma renin activ-
ity (PRA) is needed. The patients with high PAC, sup-
pressed PRA, and high plasma aldosterone-to-renin 
ratio (ARR) are considered as positive and the confirma-
tory tests are further conducted. If the diagnosis of PA 
is confirmed, adrenal venous sampling (AVS) and com-
puter topography (CT) will be performed to differentiate 
between unilateral and bilateral aldosterone secretion. 
Finally, the patients with unilateral aldosterone secretion 
then receive adrenalectomy while those with bilateral 
aldosterone secretion receive mineralocorticoid receptor 
antagonists.

Geographic inequality of health services refers to the 
existence of geographic differences in health supplies 
and the utilization of health services whereby accessibil-
ity of healthcare is determined. In Thailand, inequality in 
the investigation of PA is demonstrated by the fact that 
biochemical testing, including PAC and PRA, is mainly 
available at a few tertiary centers [8]. On top of that, the 
accessibility of healthcare is subjected to several hin-
drances including financial constraints, organizational 
and personal barriers (such as attitudes, beliefs, and past 
experiences with healthcare services) [9]. These hin-
drances tend to have more effect to PA which is the com-
plicated disease and need multiple hospital visits.

Thailand is a high-middle income country in South-
east Asia with 4 regions: Central, Northern, Southern 
and Northeastern, and over 70 million people. Southern 
Thailand, comprising 14 provinces, is separated into two 
coasts: East Coast (Gulf of Thailand) and West Coast 
(Andaman) and there are several mountain chains run-
ning through the Malaysian border. Hence, Southern 
Thailand’s culture is heavily influenced by its bordering 
country, Malaysia; consequently, the south is home to 
most of Thailand’s Muslims and Islamic influence.

According to Thailand’s public health insurance, there 
are two main stakeholders: public purchasers and ser-
vice providers. The public purchasers are further divided 
into three groups with their respective health insur-
ance schemes. Firstly, the Civil Servant Medical Ben-
efit Scheme (CSMBS) managed by the Comptroller 

General Department (CGD) of the Ministry of Finance 
covers government employees. Secondly, the Social 
Health Insurance (SHI) managed by the Social Security 
Office (SSO) covers private workers of the Labour Min-
istry. Lastly, the Universal Coverage Scheme (UCS) cov-
ers the remaining population managed by the National 
Health Security Office (NHSO). Currently, these public 
health insurances cover the entire Thai population [10]. 
Most service providers in Thailand are public hospi-
tals under the authority of the Ministry of Public Health 
(MOPH). The accessibility of healthcare mostly depends 
on public hospitals in the 13 health service regions of 
Thailand and 14 provinces of Southern Thailand are in 
the 11th and 12th health service regions.

The healthcare system of Thailand separates hospitals 
into multiple levels whereby patients with more compli-
cated diseases are referred to a referral center (tertiary 
or super-tertiary center). In Southern Thailand, there are 
four public provincial hospitals acting as tertiary cent-
ers (Phuket, Nakhon Si Thammarat, Trang, and Hat Yai). 
Hat Yai which is the largest district in Songkhla also has 
a university hospital (Songklanagarind Hospital) which 
acts as a super-tertiary center (Fig. 1).

This study aimed to investigate the service utilization in 
detection and diagnosis of PA cases in Southern Thailand 
in terms of geographical inequality in health resources 
such as general physicians, endocrinologists, referral sys-
tem and logistics. This study could be a pilot in the south-
ern region, which can be extended to other regions in the 
country and elucidate the current situation and spatio-
temporal trends of the disease in Thailand.

Methods
Data sources
This is a retrospective study using information collected 
from the electronic database - Prince of Songkla Univer-
sity Health Information System (PSU-HIS). All patients 
with the diagnosis of PA are eventually referred to Song-
klanagarind Hospital to undergo AVS, which is the final 
step for subtype classification.

Study setting
The patients who have been referred to Songklanagarind 
Hospital can be representatives of PA screening and diag-
nosis in Southern Thailand.

Inclusion and exclusion criteria
All patients who underwent calculation of the ARR as 
a screening tool for secondary hypertension from Janu-
ary 2011 to December 2017, were reviewed. Eligible 
cases were hypertensive patients (systolic blood pres-
sure (SBP) > 140 mmHg and diastolic blood pressure 
(DBP) > 90 mmHg), which had measurements of both 
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PAC and PRA. We excluded patients who underwent 
PAC or PRA measurement due to indications other than 
investigating the causes of secondary hypertension, aged 
less than 15 years, was a known case of PA, resided out-
side Southern Thailand, were on spironolactone during 
the tests, and had no confirmatory test.

Sampling and sample size
As PA is rare disease, all patients who eligible to our 
study were included.

Variables
Demographic variables
Baseline characteristics of the patients including age, sex, body 
mass index, blood pressure, etc. were extracted from PSU-HIS.

Patients’ residence
The patients’ residence was reviewed from their identifi-
cation cards or the address recorded in the hospital sys-
tem. The province, district and subdistrict of each patient 
were transformed to 6 digits of administrative area code 
corresponding with the global one (GADM©). The first, 

second and third two-digit codes represent province, dis-
trict, and subdistrict, respectively.

Primary aldosteronism diagnosis
Demographic data, diagnostic tests (screening and con-
firmatory test for PA), AVS result and imaging study were 
reviewed independently by two physicians. Any discrepan-
cies were solved by a consensus between the two physicians.

The diagnostic criteria of PA in our institute during the 
study period were (i) a PAC value > 15 ng/dl with a sup-
pressed PRA value < 1.0 ng/ml/hr., and an ARR value > 30; 
and (ii) a positive confirmatory test result measured by 
either the Saline Infusion Test (SIT) or Fludrocortisone 
Suppression Test (FST), or alternatively the ARR > 100 
[1, 11]. Details of PAC/PRA assays, confirmatory tests, 
and subtype classification, in our institute were given in 
Supplementary 1.

Predictor variables
The percentage of Muslim population was extracted from 
Thailand demographic data base. The number of endo-
crinologists in Southern Thailand was requested from 
Thai endocrine society. The distance between patients’ 

Fig. 1 Provinces and the locations of tertiary and super-tertiary centers in Southern Thailand. Southern Thailand is in the 11th and 12th health 
service regions and comprises of 14 provinces (area code); Nakhon Si Thammarat (80), Krabi (81), Phang Nga (82), Phuket (83), Surat Thani (84), 
Ranong (85), Chumphon (86), Songkhla (90), Satun (91), Trang (92), Phattalung (93), Pattani (94), Yala (95), and Narathiwat (96). The map was 
generated by ggplot2 and other graphical packages in R software, using geographic data from DIVA-GIS (12)
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residence and Songklangarind hospital was calculated by 
Google map.

Statistical analysis
Descriptive data were presented in mean ± SD, median 
(IQR), or number (%). The screening rates by district 
per year for PA were estimated by the total cases sent for 
screening throughout the 7-year period divided by the 
population of both sexes in the district in 2015 and mul-
tiplied by 7 years. Log base 10 of the rate was modeled 
with dependent variables using general log linear model 
with gaussian family link, and a normal distribution of 
the residual was confirmed by goodness of fit test. With a 
log-linear model, we found the predictors for individuals 
being screened. We estimated the incidence rate of true 
PA diagnosis in each province with the same procedure 
as described for screening rate. We computed the stand-
ardized rate ratio (SRR) for screening in provinces com-
pared to the median screening rate with the following 
formula:
SRR = OPR

/

EPR , and the 95% standard error of the 
SRR was computed as:

Where observed provincial rate (OPR) was the esti-
mated incidence rate by province as a result of the log-
linear model mentioned above, expected provincial rate 
(EPR) was the median of incidence rate of all provinces 
obtained by the model. The difference between one level 
against the reference for a given dependent variable was 
presented as an absolute rate ratio, not an odds ratio, 
since the expected prevalence rates were computed from 
the model.

In plotting the spatio-temporal map of PA screening 
and diagnosis, we obtained the shape files for geographic 
coordinates of administrative areas (AMDA) from sub-
district, district, and provincial levels (levels 3 to 1) from 
DIVA-GIS [12]. Disease mapping procedures were used 
to visualize the areas of PA screening and diagnosis. We 
ran the statistical computation and spatio-temporal map-
ping with R 3.6.2 using basic stats and graphic packages, 
and a series of specialized GIS packages.

The coordinates used on the maps were that of uni-
versal transverse mercator (UTM) zone 47 N / WGS 84. 
The projection lies between 96°E and 102°E, northern 
hemisphere between the equator and 84°N, onshore and 
offshore. We produced a map showing the distance in 
kilometers northward and eastward from the 0°N, 96°E 
coordinate. We handled the plots mainly with ggplot2 
and ggmap packages. Using geom_polygon, the latitudes 
and longitudes at the subdistrict level were filled the 
results from the statistical models.

seSRR =
√
OPR

/

EPR .

Results
Between January 2011 and December 2017, there were 
1061 patients who underwent PAC and/or PRA testing 
in our hospital. After excluding patients, a total of 688 
patients screened for PA were included in the analysis. 
The flow of study is shown in Fig. 2. Forty hundred and 
six patients (59%) were females with a median and IQR 
age of 63.3 (48.9, 78.5) years at the time when PAC/PRA 
were performed. The most common presentation was 
hypokalemia which is diagnosed in 298 patients (43.3%). 
Other baseline characteristics are described in Table 1.

The proportion of patients who were screened for PA 
was highest in Songkhla (44.4%) and lowest in Ranong 
(0.3%), as shown in Table 2 and Fig. 3A (see also Fig. 1). 
Most patients who were screened lived in the major dis-
trict of each province as shown in Fig.  3A and Supple-
mentary 2.

A total of 107 (15.55%) patients were diagnosed with 
PA. The largest numbers of PA diagnosed cases were 
residents of Songkhla (20 cases) followed by Phuket 
(14 cases) and Pattani (13 cases) as displayed in Table 2 
and Fig.  4. The incidences of the disease were highest 
in Phuket (5.17 (95%CI: 2.46-7.88) patients/106 popula-
tion) followed by Phang Nga (3.79 (95%CI: 0.98-6.59) 
patients/106 population) and Satun (3.62 (95%CI: 1.11-
6.12) patients/106 population) (Table 2 and Fig. 5).

We performed a general log linear model where log10 
of PA case detection was predicted by the presence of 
endocrinologist, distance from Songkhla, and the per-
centage of Muslim population while type I and type II 
errors were set at 0.05 and 0.20, respectively. The results 
showed that the distance from Songkhla and the pres-
ence of a Muslim population of more than 20% in the 
province were predictive factors for PA screening, while 
the presence of endocrinologists was not (Table 3). How-
ever, after the further analysis using multivariate log-
linear model, the distance from Songkhla was the only 
predictive factor for PA screening. Supposing that living 
in Songkhla would have a rate of PA screening at 100%, 
living less than 200 km and more than 200 km away 
from Songkhla would have a rate of PA screening at 82% 
(95%CI:69-97%, p-value 0.03) and 66% (95%CI:55-78%, 
p-value < 0.001), respectively (Tables 3, 4 and Fig. 3B).

Discussion
This study demonstrates that the distance from the 
super-tertiary center is the most important factor for the 
patients’ chances of receiving PA screening. Whereas the 
presence of specialist (endocrinologist) and the cultural 
differences are not. Meanwhile, the provinces located 
on the west coast adjacent to the Andaman Sea (Phuket, 
Phang Nga, and Satun) have the highest incidence of PA.
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The effect of distance or geographical barrier to health-
care services is supported by previous studies conducted 
in both developing and developed countries [13–16]. 
Costs and difficulty in transportation might explain this 
finding. Although public health insurance covers most 
of the hospital expenses such as medical services and 
medicines, which are explicit costs, there remain the 
implicit costs that still put a burden on the patients. In 
general, the patients have to pay for transportation costs, 
and additional costs for accommodation in cases requir-
ing an overnight stay. The government and other insur-
ance schemes do not subsidize all these invisible costs, 
and they tend to be higher for the patients living far away 
from the healthcare center. That is, the farther they live, 
the more they pay. Since tertiary or super-tertiary cent-
ers are usually located in an urban area, with a middle- to 
high-income population, the most affected patients are 
the poor from rural areas. Likewise, public transporta-
tion is not available for all routes and times. Under these 

circumstances, some patients might refuse a referral to 
the healthcare center as it is accompanied by a heavy 
burden.

The spatio-temporal technique clearly visualizes the 
disease distribution in space and time in communicating 
disease, non-communicating disease, and climate effects 
on health [17, 18]. The finding from the spatio-temporal 
study could encourage the policymaker or government 
to allocate resources and budgets in appropriate area 
and time. Moreover, the spatio-temporal technique is a 
visualization tool illustrating the geographical inequal-
ity which should be figured out as it is the Sustainable 
Development Goal 10 (SDG 10; Reduced inequalities) of 
United Nations (UN) [19].

Geographic inequality as a component of SDG 10 
mainly determined the access to health care. How-
ever, the solutions to socio-economic inequality can be 
grouped in to organizational and individual approach. 
The organizational approach has been implemented 

Fig. 2 Flow of the study. (PAC, Plasma aldosterone concentration (ng/dL); PRA, Plasma renin activity (ng/mL/hr); PA, Primary aldosteronism)
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Table 1 Baseline characteristics of the patients who were screened for and diagnosed with primary aldosteronism (PA)

Median (IQR), no. (%)

Characteristics Screened PA Confirmed PA

(n = 688) (n = 107)

Age, years 63.3 (48.9, 78.5) 63.7 (54.7, 75.3)

Sex, Female 406 (59.0%) 78 (72.9%)

Body mass index, kg/m2 25.3 (22.3, 29.0) 23.6 (21.3, 26.2)

Blood pressure, mmHg

 Systolic 149 (135, 163) 151.0 (139, 164)

 Diastolic 89 (78, 98) 90.0 (80, 98)

Presentations

 Hypertension with hypokalemia 298 (43.3%) 98 (91.6%)

 Hypertension in the young 175 (25.4%) 1 (0.9%)

 Moderate to severe hypertension 97 (14.1%) 0 (0.0%)

  Hypertension with adrenal incidentaloma 81 (11.8%) 4 (3.7%)

 Resistant hypertension 23 (3.2%) 4 (3.7%)

 Unknown cause 14 (2.0%) 0 (0.0%)

Serum potassium, mmol/l 3.8 (3.3, 4.1) 3.1 (2.7, 3.6)

Numbers of antihypertensive agents 1 (1, 2) 2 (2, 3)

Plasma aldosterone concentration, ng/dl 11.5 (5.2, 28.7) 56.6 (34.8, 91.8)

Plasma renin activity ratio, ng/ ml·h 1.2 (0.2, 4.6) 0.07 (0.01, 0.23)

Plasma aldosterone concentration to plasma renin activity ratio, ng/dl per ng/
(ml·h)

7.1 (2.5, 34.8) 899.7 (219.4, 4155.0)

Table 2 Numbers of screened and diagnosed, crude incidence rate of primary aldosteronism patients by province

area code; the two-digit codes represent each province, PA primary aldosteronism

Province Screened PA Diagnosed PA Diagnosed PA among screened 
patients in each province

Crude incidence

(area code*) no. (%) no. (%) no. (%) (per 1,000,000)

(95%CI)

Songkhla (90) 306 (44.4) 20 (18.7) 6.50% 2.03 (1.14-2.91)

Pattani (94) 57 (8.3) 13 (12.1) 22.80% 2.68 (1.22-4.13)

Nakhon Si Thammarat (80) 56 (8.1) 11 (10.3) 19.60% 1.01 (0.41-1.61)

Trang (92) 48 (7.0) 6 (5.6) 12.50% 1.34 (0.27-2.41)

Phatthalung (93) 46 (6.7) 10 (9.3) 21.70% 2.73 (1.04-4.43)

Satun (91) 45 (6.5) 8 (7.5) 17.80% 3.62 (1.11-6.12)

Phuket (83) 27 (3.9) 14 (13.1) 51.90% 5.17 (2.46-7.88)

Narathiwat (96) 27 (3.9) 6 (5.6) 22.20% 1.09 (0.22-1.97)

Yala (95) 25 (3.6) 4 (3.7) 16.00% 1.10 (0.02-2.18)

Surat Thani (84) 19 (2.8) 5 (4.7) 26.30% 0.68 (0.08-1.28)

Phang Nga (82) 14 (2.2) 7 (6.5) 50.00% 3.79 (0.98-6.59)

Krabi (81) 12 (1.7) 3 (2.8) 25.00% 0.93 (0-1.98)

Chumphon (86) 4 (0.6) 0 (0) 0.00% 0

Ranong (85) 2 (0.3) 0 (0) 0.00% 0

Total 688 (100) 107 (100) 1.66 (1.33-1.96)
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successfully in COVID-19 crisis. The approach includes 
50-50 co-payment scheme and income subsidy both 
of which can be transformed to other group of affected 
patients [20]. The organization approach requires tar-
get population databases. The individual approach is to 
empower communities in Thailand to take care of under-
privileged members. Thailand is among the leaders of 
primary health care scheme, and there will be a lot of 
evolution in our health care system which was developed 
during the COVID-19 crisis.

Nevertheless, low screening rates in Ranong, Chum-
phon, and Krabi could be attributable to the presence of 
alternative healthcare centers in Bangkok, the capital city 
of Thailand. The patients from these three provinces can 
easier access Bangkok than Songkhla by road and air. The 
decision of patients to obtain diagnosis and treatment 
outside their health care region is another effect of the 
distance.

The absence of the association between PA screening 
and the availability of endocrinologist suggests two pos-
sibilities. The physicians may be aware of PA while taking 
care of hypertensive patients, and also the existing refer-
ral system is active. There is also no effect of religious 
and cultural beliefs on PA screening. The phenomenon 
suggests that the investigation process of PA does not 

involve sensitive religious and cultural issues as it does 
in cervical cancer screening in terms of sexual exposure 
and reproduction, which leads Muslims to be reluctant to 
seek health care [21, 22].

It is noticeable that the population living in provinces 
adjacent to the Andaman Sea has high incidence of PA, 
even though they have a lower chance of receiving PA 
screening than people living in Songkhla or other nearby 
areas. The contributing causes should be assessed from 
both external and internal factors. One possible external 
factor is that these three provinces are popular tourist 
destinations with excellent transportation facilities and 
have high per capita income. Therefore, the people liv-
ing in this area might have a better opportunity to gain 
access to the super-tertiary center. It should be noted 
that Phuket has a large medical center that can read-
ily perform both screening and confirmatory tests of PA 
investigations by endocrinologists. Hence, the patients in 
Phuket and Phang Nga with negative screening tests were 
unlikely to be referred to Songklanagarind Hospital and 
the estimated screening rates using the PAC/PRA results 
in our center might be underestimated. Likewise, there 
is a high probability of having PA in patients who were 
referred to our hospital, leading to the selection bias of 
cases. Nonetheless, this is not evident in Satun, a small 

Fig. 3 A Request of PA investigation by districts (B) The Screening rates of PA by provinces. (PA, Primary aldosteronism; UTM, Universal transverse 
mercator zone; Km, Kilometer), UTM zone 47 N, Indian 1975, EPSG:32647. The map was generated by ggplot2 and other graphical packages in R 
software, using geographic data from DIVA-GIS (12)
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province further south towards Songkhla on the border 
with Malaysia, where Songklanagarind Hospital is the 
nearest and biggest hospital accessible to the patients.

Regarding the internal factors, people living in this 
area include the islanders in the Andaman Sea, such as 
sea gypsies with different genetic transmission from most 
Thais. These groups of islanders tend to have a diverse 
society and culture, i.e., consanguinity. Regrettably, we 
did not collect these details, and additional data evaluat-
ing this population should be studied in the future.

The strength of our study is that it was a spatial epi-
demiological study representing Thailand’s health ine-
quality despite the presence of various public health 
insurance covering the entire Thai population. The 
results of this study could encourage policymakers both 
public purchasers and service providers to develop a 
strategy, which decreases barriers to healthcare access. 
For example, there should be a transfer system of blood 
tests for PA investigation, including teleconsultation 
to interpret laboratory results. The goal of the change 
is to reduce the number of patients being referred to 

the super-tertiary hospital. Developing a predictive 
scoring system of PA is also another good case to be 
implemented [3]. However, the current scoring system 
needs further validation study before being applied 
to routine clinical practice. According to the current 
hypertension screening program in Thailand, there is 
still limitation in effective coverage in hypertension 
screening management [23]. Future development of the 
program should be proposed together with incorporat-
ing PA screening into the program of MOPH, especially 
patient with hypertension in the young to investigation 
the secondary causes.

Limitations
There are some limitations to this study. Firstly, it rep-
resented only Southern Thailand and could not be 
applied to other areas with different nationality, geo-
graphic area, and the healthcare system. Secondly, the 
incidence of PA in some provinces, especially Ranong, 
Chumphon, and Krabi, might be underestimated as the 
patients had a probability to be referred to Bangkok. 

Fig. 4 Numbers of patients who were diagnosed with primary aldosteronism by provinces. (UTM, Universal transverse mercator zone; Km, 
Kilometer), UTM zone 47 N, Indian 1975, EPSG:32647. The map was generated by ggplot2 and other graphical packages in R software, using 
geographic data from DIVA-GIS (12)
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Thirdly, the information about PA subtype, genetic 
study, and details of socio-economic-cultural data were 
not collected as described above. Further research 
about these details and other factors such as compli-
ance and adherence to the system should be conducted 
in the future. In perspective of the health care sys-
tem, other diseases which need sophisticated protocol 
including screening, confirmation test for diagnosis 

should be assessed in terms of feasibility, compliance, 
maintenance, and cost utility.

Conclusion
In conclusion, the spatiotemporal pattern of PA screen-
ing shows a high activity around the super-tertiary 
healthcare center of Songklanagarind Hospital, and the 

Fig. 5 Incidence (per million population) of primary aldosteronism by province. (UTM, Universal transverse mercator zone; Km, Kilometer), UTM 
zone 47 N, Indian 1975, EPSG:32647. The map was generated by ggplot2 and other graphical packages in R software, using geographic data from 
DIVA-GIS (12)

Table 3 Models analyzing factors contributing to the rates of PA case detection

a coefficient and 95%CI are derived from the standardized rate ratio (SRR) mentioned in the method section
b Songkhla is a province where the super-tertiary center with the largest number of endocrinologists are allocated.

Log-linear model =  log10(rate) ~  xi, where  xi are the variables of interest

Geographic factors Univariate log-linear model P-value Multivariate log-linear model P-value

coefficienta coefficienta

(95%CI) (95%CI)

Areas with endocrinologists 1

Presence vs absence 1.02 (0.99-1.04) 0.084 –

Lives within Songkhlab 1 1

< 200 km away 0.80 (0.67-0.95) 0.012 0.82 (0.69-0.97) 0.03

≥200 km away 0.64 (0.53-0.76) < 0.001 0.66 (0.55-0.78) < 0.001

Muslim 1

> = 20% vs < 20% 1.17 (1.02-1.33) 0.023 1.12 (0.99 -1.27) 0.08
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incidence of the disease is high on the Andaman coast. 
There is still inequality in accessibility to PA screening 
in Southern Thailand. Healthcare policy should aim to 
decrease the inequality barriers. The extension of study 
areas to other regions in the country to elucidate the 
national trends of the disease is possible as the primary 
data structure in the healthcare system in Thailand is 
standardized, and the statistical processes have been 
validated in this study.

Abbreviations
PA: Primary aldosteronism; PAC: Plasma aldosterone concentration; PRA: 
Plasma renin activity; ARR : Aldosterone-to-renin-ratio; AVS: Adrenal venous 
sampling; CT: Computer topography; CSMBS: Civil Servant Medical Benefit 
Scheme; CGD: Comptroller General Department; SHI: Social Health Insurance; 
SSO: Social Security Office; UCS: Universal Coverage Scheme; NHSO: National 
Health Security Office; MOPH: Ministry of Public Health; SBP: Systolic blood 
pressure; DBP: Diastolic blood pressure; SIT: Saline infusion test; FST: Fludrocor-
tisone suppression test; SRR: Standardized rate ratio; UTM: Universal transverse 
mercator; SDG: Sustainable development goal; UN: United nations.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12913- 022- 07788-8.

Additional file 1. 

Additional file 2. 

Acknowledgements
We would like to thank Geoffrey Cox for language editing and Surichai 
Bilheem for statistical analysis.

Authors’ contributions
OS was responsible for designing and drafting the study, collecting, and ana-
lyzing the data, writing the manuscript, and revising the important intellectual 
content. SS was responsible for designing and drafting the study, collecting 
the data, and revising the important intellectual content. NK was responsible 
for designing the study, interpreting the data, writing the manuscript, and 
revising the important intellectual content. HS was responsible for designing 
the study, analyzing the data, writing the manuscript, and revising the impor-
tant intellectual content. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by Office of Human Research Ethics committee 
(HERC), Faculty of Medicine, Prince of Songkla University (REC: 62-040-14-3).

Consent for publication
Not applicable.

Competing interests
None

Author details
1 Endocrinology and Metabolism Unit, Division of Internal Medicine, Faculty 
of Medicine, Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand. 
2 Department of Epidemiology, Faculty of Medicine, Prince of Songkla Univer-
sity, 15 Karnjanavanich Road, Hat Yai, Songkhla 90110, Thailand. 

Received: 17 May 2021   Accepted: 16 March 2022

References
 1. Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, et al. 

The Management of primary aldosteronism: case detection, diagnosis, 
and treatment: an endocrine society clinical practice guideline. J Clin 
Endocrinol Metab. 2016;101(5):1889–916.

 2. Fagugli RM, Taglioni C. Changes in the perceived epidemiology of pri-
mary Hyperaldosteronism. Int J Hypertens. 2011;2011:1–7.

 3. Kietsiriroje N, Wonghirundecha R, Suntornlohanakul O, Murray RD. 
Construction of a predictive scoring system as a guide to screening and 
confirmation of the diagnosis of primary aldosteronism. Clin Endocrinol. 
2019;16:196–205.

 4. Meng Z, Dai Z, Huang K, Xu C, Zhang Y-G, Zheng H, et al. Long-term 
mortality for patients of primary Aldosteronism compared with essential 
hypertension: a systematic review and Meta-analysis. Front Endocrinol. 
2020;10(11):121.

 5. Catena C, Colussi G, Nadalini E, Chiuch A, Baroselli S, Lapenna R, et al. 
Cardiovascular outcomes in patients with primary Aldosteronism after 
treatment. Arch Intern Med. 2008;168(1):6.

 6. Reincke M, Fischer E, Gerum S, Merkle K, Schulz S, Pallauf A, et al. Obser-
vational study mortality in treated primary aldosteronism: the German 
Conn’s registry. Hypertension. 2012;60(3):618–24.

 7. Libianto R, Fuller PJ, Young MJ, Yang J. Primary aldosteronism is a 
public health issue: challenges and opportunities. J Hum Hypertens. 
2020;34(7):478–86.

Table 4 Predicted screening rate of primary aldosteronism in 
2015 in each province

a area code; the two-digit codes represent each province.
b Predicted screening rates are the predicted values of the log-linear model to 
the power of 10,

Log-linear model =  log10(rate) ~  xi, where  xi represents province.

Province Predicted screening rate
(area codea) per 105populationb

(95%CI)

Songkhla (90) 114.8 (56.2-229.1)

Satun (91) 107.2 (45.7-257.0)

Trang (92) 81.3 (36.3-182.0)

Phatthalung (93) 77.6 (37.2-166.0)

Pattani (94) 57.5 (26.9-123.0)

Phang Nga (82) 49.0 (21.9-107.2)

Phuket (83) 47.9 (16.6-134.9)

Krabi (81) 38.9 (17.0-89.1)

Narathiwat (96) 38 (17.8-81.3)

Yala (95) 35.5 (15.5-81.3)

Nakhon Si Thammarat (80) 30.9 (23.4-40.7)

Surat Thani (84) 30.2 (14.1-63.1)

Chumphon (86) 18.6 (7.1-49.0)

Ranong (85) 10.2 (2.1-33.9)

https://doi.org/10.1186/s12913-022-07788-8
https://doi.org/10.1186/s12913-022-07788-8


Page 11 of 11Suntornlohanakul et al. BMC Health Services Research          (2022) 22:458  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 8. Dlouhý M. Measuring geographic inequalities: dealing with multiple 
health resources by data envelopment analysis. Front Public Health. 
2018;28(6):53.

 9. Gulliford M, Figueroa-Munoz J, Morgan M, Hughes D, Gibson B, Beech R, 
et al. What does “access to health care” mean? J Health Serv Res Policy. 
2002;7(3):186–8.

 10. World Health Organization Regional Office for the Western. The Kingdom 
of Thailand health system review. Health systems in transition vol.5, no.5. 
Manila: WHO Regional Office for the Western Pacific. 2015;xxx:265. Avail-
able from: https:// apps. who. int/ iris/ handle/ 10665/ 208216.

 11. Maiolino G, Rossitto G, Bisogni V, Cesari M, Seccia TM, Plebani M, et al. 
Quantitative value of aldosterone-renin ratio for detection of aldos-
terone-producing adenoma: the aldosterone-renin ratio for primary 
aldosteronism (AQUARR) study. JAHA. 2017;6(5) Available from: https:// 
www. ahajo urnals. org/ doi/ 10. 1161/ JAHA. 117. 005574. [cited 2019 Nov 24].

 12. DIVA-GIS. Download data by country. 2022. Available from: https:// www. 
diva- gis. org/ gdata. [cited 2022 Feb 22].

 13. Thammatacharee N, Tisayaticom K, Suphanchaimat R, Limwattananon 
S, Putthasri W, Netsaengtip R, et al. Prevalence and profiles of unmet 
healthcare need in Thailand. BMC Public Health. 2012;12(1):923.

 14. Peters DH, Garg A, Bloom G, Walker DG, Brieger WR, Hafizur RM. Poverty 
and access to health care in developing countries. Ann N Y Acad Sci. 
2008;1136(1):161–71.

 15. van Doorslaer E. Inequalities in access to medical care by income in 
developed countries. Can Med Assoc J. 2006;174(2):177–83.

 16. Yiengprugsawan V, Kelly M, Seubsman S-A, Sleigh AC. The first 10 years of 
the universal coverage scheme in Thailand: review of its impact on health 
inequalities and lessons learnt for middle-income countries. Australas 
epidemiol. 2010;17(3):24–6.

 17. Bilheem S, Choosong T, Sriplung H, Eungpoonsawat W, Kongkamol C, 
Ingviya T, et al. The Spatio-temporal epidemiology of asthma patient 
visits in relation to meteorological parameters and air pollution factors as 
a result of seasonal change in Songkhla Province. J Health Sci Med Res. 
2021; Available from: https:// www. jhsmr. org/ index. php/ jhsmr/ artic le/ 
view/ 822. [cited 2021 Nov 12].

 18. Zhao J, Virani S, Sriplung H. Spatiotemporal mapping of cervical cancer 
incidence highlights need for targeted prevention in Songkhla province, 
Thailand. Health Policy Plan. 2017;32(3):430–6. [cited 2021 Nov 12]. Avail-
able from: https:// acade mic. oup. com/ heapol/ artic le/ 32/3/ 430/ 25671 87.

 19. United Nations. Sustainable Development Goal 10: Reduce inequality 
within and among countries. Available from: https:// sdgs. un. org/ goals/ 
goal10.

 20. Thongbunmee C, Suwannatee W, Adunyarittigun D. Bangkok Blue-Collar 
Workers’ Perception of the 50-50 Copayment Program. :9.

 21. Niu L, Virani S, Bilheem S, Sriplung H. The effect of pap smear screen-
ing on cervical cancer stage among southern Thai women. Sci Rep. 
2019;9(1):16921.

 22. Matin M, LeBaron S. Attitudes toward cervical Cancer screening among 
Muslim women: a pilot study. Women & Health. 2004;39(3):63–77.

 23. Charoendee K, Sriratanaban J, Aekplakorn W, Hanvoravongchai P. Assess-
ment of population coverage of hypertension screening in Thailand 
based on the effective coverage framework. BMC Health Serv Res. 
2018;18(1):208.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://apps.who.int/iris/handle/10665/208216
http://dx.doi.org/10.1161/JAHA.117.005574
http://dx.doi.org/10.1161/JAHA.117.005574
https://www.diva-gis.org/gdata
https://www.diva-gis.org/gdata
https://www.jhsmr.org/index.php/jhsmr/article/view/822
https://www.jhsmr.org/index.php/jhsmr/article/view/822
https://academic.oup.com/heapol/article/32/3/430/2567187
https://sdgs.un.org/goals/goal10
https://sdgs.un.org/goals/goal10

	Geographical inequality in service utilization for primary aldosteronism screening: spatial epidemiological study in Southern Thailand
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Study setting
	Inclusion and exclusion criteria
	Sampling and sample size
	Variables
	Demographic variables
	Patients’ residence
	Primary aldosteronism diagnosis
	Predictor variables

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


