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Abstract7

Background: Neonatal mortality remains a critical challenge in middle-income8

countries despite significant healthcare investments. Ecuador experienced unprece-9

dented health infrastructure expansion (2010–2017), including construction of ter-10

tiary hospitals and neonatal intensive care units (NICUs), yet neonatal mortality11

reduction has shown geographic heterogeneity and temporal deceleration.12

Objectives: To evaluate the impact of NICU capacity expansion on neonatal mor-13

tality in Ecuador (2010–2024), examine the Inverse Care Law hypothesis in resource14

distribution, quantify access inequity using concentration indices, and determine in-15

cremental cost-effectiveness ratios compared to preventive interventions.16

Methods: We conducted a nationwide ecological study integrating interrupted17

time-series analysis and cross-sectional equity assessment. Data sources included18

vital statistics registries (2010–2024), hospital discharge databases (2022–2024), and19

census-based socioeconomic indicators. Poisson regression models estimated neona-20

tal mortality rate (NMR) trends following major hospital inaugurations. Equity21

was assessed through Gini coefficients for bed distribution and concentration curves22

∗Corresponding author: José Daniel Sánchez. Email: danielsanchez@uti.edu.ec
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adjusted for Unsatisfied Basic Needs (UBN) indices. Cost-effectiveness analysis23

calculated incremental cost per disability-adjusted life year (DALY) averted. De-24

scriptive analyses included correlation matrices and log-transformed histograms for25

skewed distributions.26

Results: The dataset comprised 671 canton–year observations (2022–2024) with27

no missing values in core variables. National NMR declined from 10.9 per 1,00028

live births in 2010 to 5.4 in 2024 (50.5% reduction), but provincial disparities per-29

sisted. Pichincha and Guayas concentrated 68% of NICU beds (6.22 and 3.67 beds30

per 1,000 births, respectively), while Bolívar, Carchi, and Amazonian provinces31

lacked functional Level III units. The Gini coefficient for bed distribution was32

0.67. Live births by occurrence showed extreme right-skewness, with few cantons33

concentrating high values. Correlation matrices revealed strong associations be-34

tween live births (occurrence and residence) and perinatal discharges (r > 0.85),35

with relevant correlations between infrastructure indicators, suggesting population36

size/service effects and potential collinearity. Interrupted time-series analysis re-37

vealed no immediate step-change in NMR following major hospital inaugurations.38

Cost-effectiveness analysis estimated $8,182 USD per DALY averted. The concen-39

tration index for mortality was −0.18, confirming disproportionate burden in poorer40

provinces.41

Conclusions: NICU expansion contributed to neonatal survival improvements but42

faces structural limitations including geographic maldistribution, saturated refer-43

ral systems, and unresolved social determinants. The ecological nature of canton-44

level data reveals territorial concentration patterns but precludes individual-level45

causal inference. Achieving further mortality reduction requires transitioning from46

hospital-centric models to integrated health networks emphasizing regionalized in-47

termediate care, neonatal transport systems, and upstream preventive interventions48

targeting prematurity and perinatal complications.49

Keywords: Neonatal intensive care; Neonatal mortality; Health equity; Health50

policy; Ecuador; Interrupted time-series analysis; Cost-effectiveness analysis; Eco-51

logical study52
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1 Introduction53

Neonatal mortality—death within the first 28 days of life—represents the most recalci-54

trant component of child mortality globally, accounting for 47% of all under-five deaths55

despite comprising only 10% of the temporal risk period.[1] While substantial progress56

has been achieved in reducing post-neonatal and child mortality through vaccination pro-57

grams and improved nutrition, neonatal mortality reduction has lagged, particularly in58

low- and middle-income countries (LMICs) where 98% of neonatal deaths occur.[2] This59

temporal disparity reflects the complex, multifactorial nature of neonatal survival, which60

depends critically on maternal health status, quality of intrapartum care, immediate new-61

born resuscitation, and availability of advanced neonatal intensive care for critically ill62

infants.63

Latin America has experienced significant epidemiological transition over recent decades,64

with several countries achieving neonatal mortality rates (NMR) below 10 per 1,000 live65

births.[3] However, substantial heterogeneity persists both between and within countries,66

reflecting systemic inequities in healthcare access and quality.[4] Ecuador exemplifies this67

pattern: following implementation of constitutional healthcare reforms in 2008 that es-68

tablished health as a fundamental right and eliminated user fees, the country embarked69

on an unprecedented expansion of health infrastructure (2010–2017).[5, 6] This period,70

often termed the "golden decade" of health investment, witnessed construction of 5071

new hospitals and renovation of 140 health facilities, including flagship tertiary centers72

designed specifically to address historic access gaps.[7, 8]73

Central to this expansion was development of neonatal intensive care unit (NICU)74

capacity—highly specialized, technologically intensive services capable of managing ex-75

tremely premature infants, severe perinatal asphyxia, and life-threatening neonatal sepsis.[9]76

NICUs represent the apex of the perinatal care pyramid and require substantial human77

resources (neonatologists, specialized nurses), sophisticated equipment (mechanical ven-78

tilators, continuous monitoring systems), and significant operational costs. In Ecuador,79

implementation of the Essential Obstetric and Neonatal Care (CONE) guidelines sought80

to standardize NICU services across complexity levels, defining minimum requirements81
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for infrastructure, equipment, and staffing.[10]82

Despite this considerable investment, Ecuador’s neonatal mortality trajectory has83

shown unexpected patterns. After declining from approximately 10.9 per 1,000 live births84

in 2010 to 5.4 in 2014, the NMR stagnated and even increased slightly to 7.0 in 2019 before85

declining again post-pandemic.[11] Moreover, substantial geographic disparities persist,86

with predominantly rural and Amazonian provinces experiencing rates 2–3 times higher87

than urban coastal and highland regions.[12, 13] This pattern suggests that infrastruc-88

ture expansion alone may be insufficient to address underlying determinants of neonatal89

mortality, including social inequities, geographic barriers, and gaps in the care continuum90

from pregnancy through the neonatal period.91

The relationship between NICU capacity and population-level neonatal mortality92

is complex and potentially non-linear. Ecological studies from high-income countries93

suggest diminishing marginal returns beyond certain capacity thresholds, particularly94

when upstream preventive services remain weak.[14, 15] Furthermore, the "Inverse Care95

Law"—the principle that availability of quality medical care varies inversely with popula-96

tion need—may operate in NICU distribution, with sophisticated facilities concentrated97

in urban centers serving relatively healthier populations while remote, higher-risk popu-98

lations lack access.[4, 16]99

From a health economics perspective, NICUs represent a substantial financial commit-100

ment. Cost-effectiveness analyses from LMICs report highly variable incremental cost-101

effectiveness ratios (ICERs) ranging from $400 to $15,000 per disability-adjusted life year102

(DALY) averted, depending on context, patient mix, and comparison interventions.[17,103

18] While generally considered cost-effective relative to GDP-based thresholds, NICUs104

may compare unfavorably to upstream preventive interventions such as antenatal corticos-105

teroids for threatened preterm birth, quality emergency obstetric care, or improved intra-106

partum monitoring—interventions that prevent the need for intensive care altogether.[3]107

Despite Ecuador’s substantial health system transformation and the availability of108

detailed vital statistics and hospital administrative data, no comprehensive analysis has109

integrated temporal trends in NICU capacity with neonatal mortality outcomes while110
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simultaneously examining equity dimensions and cost-effectiveness. This analytical gap111

limits evidence-based policymaking as Ecuador enters a new phase of health system devel-112

opment characterized by fiscal constraints and pressure to optimize resource allocation.113

This study addresses three fundamental research questions: (1) What has been the114

impact of NICU capacity expansion on national and subnational neonatal mortality trends115

in Ecuador from 2010 to 2024? (2) How equitably is NICU capacity distributed relative to116

population need, and does distribution conform to the Inverse Care Law? (3) What is the117

incremental cost-effectiveness of public NICU services compared to their opportunity cost118

in terms of foregone preventive interventions? By answering these questions, we aim to119

inform the next generation of neonatal health policy in Ecuador and provide generalizable120

insights for other middle-income countries facing similar resource allocation dilemmas.121

2 Methods122

2.1 Study Design and Setting123

We conducted a nationwide ecological study employing mixed methods including inter-124

rupted time-series analysis, geographic equity assessment, descriptive ecological analysis125

at the canton level, and cost-effectiveness analysis. The study period spans January126

1, 2010, through December 31, 2024, encompassing the major health infrastructure ex-127

pansion period (2012–2017), subsequent fiscal austerity (2018–2019), and the COVID-19128

pandemic (2020–2021).129

Ecuador is an upper-middle-income country in South America with a population of130

approximately 18 million (2024). The health system is fragmented across multiple sub-131

sectors: the Ministry of Public Health (MSP) serves the uninsured population (∼60%),132

the Ecuadorian Social Security Institute (IESS) covers formal sector workers (∼20%), and133

private and other public institutions serve the remainder. The country is administratively134

divided into 24 provinces and 221 cantons with marked geographic and socioeconomic135

heterogeneity.136
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2.2 Data Sources and Linkage137

We integrated data from six primary sources to construct the analytical dataset:138

Vital Statistics: We obtained individual-level microdata from the National Institute139

of Statistics and Censuses (INEC) Statistical Registry of Live Births and Deaths (2010–140

2024).[19, 20] Neonatal deaths were defined as deaths occurring before 28 completed days141

of life. We geocoded deaths to maternal province and canton of residence and extracted142

cause-of-death information coded according to the International Classification of Diseases,143

10th Revision (ICD-10).144

Hospital Infrastructure: The INEC Statistical Registry of Hospital Beds and Dis-145

charges provided annual data (2022–2024) on bed capacity by facility, including neonatal146

intensive care bed counts and patient discharge records with diagnoses and outcomes.[21,147

22] We distinguished between authorized bed capacity and operationally available beds,148

focusing on the latter for supply calculations. The canton-level dataset included 671149

canton–year observations (224 for 2022, 223 for 2023, and 224 for 2024).150

Epidemiological Surveillance: The MSP’s weekly and annual Neonatal Mortality151

Gazettes (2022–2024) provided supplementary data on causes, place of death occurrence152

versus residence, and referring hospital characteristics.[12, 23]153

Socioeconomic Indicators: We used the 2010 and 2022 Population and Housing154

Census results to obtain population denominators and the Unsatisfied Basic Needs (UBN)155

index—a composite measure of household deprivation encompassing housing quality, ac-156

cess to services, educational attainment, and economic capacity.[24, 25]157

Cost Data: Healthcare costs were estimated using the National Health System Tariff158

Schedule and IESS fee schedules, inflated to 2024 USD using Ecuador’s consumer price159

index.[26] We supplemented official tariffs with published cost analyses from Ecuadorian160

hospitals where available.161

6



2.3 Variable Definitions162

Primary Outcome: Neonatal Mortality Rate (NMR), calculated as:163

NMR =
Number of deaths < 28 days of life

Number of live births
× 1, 000 (1)

We calculated NMR annually at national, provincial, and cantonal levels. For inter-164

rupted time-series analysis, we computed monthly rates for provinces with major hospital165

inaugurations.166

Exposure Variables:167

• NICU Bed Density: Operationally available NICU beds per 1,000 live births, cal-168

culated provincially and by canton.169

• Hospital Inauguration: Binary indicator variables for the opening of Hospital Do-170

cente de Calderón (July 2015, Pichincha province) and Hospital General Guasmo171

Sur (January 2017, Guayas province).172

• Temporal Trend: Continuous time variable (months or years from baseline).173

Canton-Level Variables (2022–2024):174

• num_establecimientos: Number of health establishments175

• total_egresos_perinatales: Total perinatal hospital discharges176

• nacidos_vivos_ocurrencia: Live births by place of occurrence177

• nacidos_vivos_residencia: Live births by maternal residence178

• camas_normales: Normal beds (total and available)179

• camas_medianas: Intermediate care beds180

• camas_intensivas: Intensive care beds (NICU)181

Equity and Socioeconomic Variables:182
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• UBN Index: Provincial percentage of households with ≥1 basic needs deprivation.183

• Out-of-Pocket Health Expenditure: Percentage of total health spending financed184

directly by households (national level).185

2.4 Statistical Analysis186

2.4.1 Descriptive Ecological Analysis (Canton-Level)187

For the 2022–2024 canton-level dataset, we calculated comprehensive descriptive statistics188

(mean, median, percentiles, range) for all numerical variables. Given the highly skewed189

distribution of several count variables (particularly nacidos_vivos_ocurrencia), we ap-190

plied log(1 + x) transformation for visualization purposes to improve interpretability of191

right-skewed distributions.192

We computed Pearson correlation matrices to explore linear associations between193

variables, with particular attention to:194

• Associations between demand indicators (live births, perinatal discharges)195

• Correlations between infrastructure variables (bed types)196

• Relationships between capacity and service volume197

These correlation analyses served to identify potential collinearity issues for any sub-198

sequent modeling and to characterize the structural relationship between population size,199

service demand, and installed capacity at the cantonal level.200

2.4.2 Temporal Trend Analysis201

We applied the Mann-Kendall test to identify monotonic trends in annual NMR at202

national and provincial levels over the full study period (2010–2024).[27] This non-203

parametric test is robust to non-normality and outliers common in vital statistics time204

series.205
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2.4.3 Interrupted Time-Series Analysis206

To evaluate the impact of major hospital inaugurations on NMR, we employed segmented207

regression models of the form:[28]208

Yt = β0 + β1Tt + β2Xt + β3TtXt + ϵt (2)

where Yt is the NMR at time t; Tt is time since the start of the observation period; Xt209

is a binary indicator (0 before intervention, 1 after); TtXt is an interaction term counting210

time since intervention; β1 estimates the baseline pre-intervention trend; β2 estimates211

the immediate level change at intervention; and β3 estimates the change in trend post-212

intervention. We estimated models separately for Pichincha (Calderón hospital) and213

Guayas (Guasmo Sur hospital) provinces, using monthly NMR data from 24 months pre-214

to 36 months post-inauguration. We assessed autocorrelation using the Durbin-Watson215

test and applied Newey-West standard errors where necessary.216

2.4.4 Equity Analysis217

We assessed geographic equity in NICU bed distribution using the Gini coefficient, cal-218

culated from the Lorenz curve relating cumulative proportion of beds to cumulative pro-219

portion of live births across provinces.[29] Values range from 0 (perfect equality) to 1220

(complete inequality).221

To examine whether neonatal mortality is concentrated among disadvantaged pop-222

ulations, we constructed concentration curves plotting cumulative mortality proportion223

against cumulative population proportion ranked by UBN index (poorest to richest).[30]224

The corresponding concentration index (CI) quantifies the degree of socioeconomic in-225

equality:226

CI =
2

µ
cov(yi, ri) (3)

where µ is mean mortality, yi is province-specific mortality, and ri is the fractional227

rank by UBN. Negative values indicate mortality concentrated among the poor; positive228
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values indicate concentration among the rich.229

2.4.5 Cost-Effectiveness Analysis230

We conducted cost-effectiveness analysis from the public payer perspective (MSP/IESS231

combined), comparing NICU care to standard intermediate neonatal care for tracer con-232

ditions (respiratory distress syndrome in preterm infants; perinatal asphyxia). The in-233

cremental cost-effectiveness ratio (ICER) was calculated as:[31]234

ICER =
CNICU − Cstandard

ENICU − Estandard

(4)

where C denotes costs and E denotes effectiveness measured in disability-adjusted235

life years (DALYs) averted. DALYs combine years of life lost (YLL) due to premature236

mortality and years lived with disability (YLD), calculated using standard life tables237

(life expectancy 77.6 years) and disability weights from the Global Burden of Disease238

study.[32]239

Direct medical costs included hospitalization (bed-day costs, nursing, physician ser-240

vices), medications and medical supplies, diagnostic procedures and laboratory tests, and241

medical devices and equipment (ventilators, CPAP, monitoring).242

We used probabilistic sensitivity analysis with Monte Carlo simulation (10,000 it-243

erations) to characterize parameter uncertainty, varying cost inputs (±25%), effective-244

ness estimates (95% CI from literature), and discount rates (0–5% annually). We com-245

pared ICER estimates to Ecuador’s GDP per capita ($6,166 in 2023) using WHO cost-246

effectiveness thresholds (highly cost-effective if <1× GDP per capita; cost-effective if247

<3× GDP per capita).[33]248

2.5 Interpretation and Ecological Fallacy Considerations249

Given the multilevel nature of our data (canton-level aggregates for 2022–2024, provin-250

cial aggregates for time-series analyses, and national trends), we emphasize that observed251

associations describe territorial patterns and do not imply individual-level cau-252

sation. The ecological fallacy—inferring individual-level relationships from aggregate253
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data—is a critical limitation of this design.254

Additionally, variables such as NICU bed counts reflect installed capacity but do not255

capture operational reality including bed occupancy rates, staffing levels, equipment func-256

tionality, or quality of care. Our analyses therefore characterize structural relationships257

between health system inputs and population outcomes but cannot definitively attribute258

causality.259

All analyses were conducted using R version 4.3.1 (R Foundation for Statistical Com-260

puting, Vienna, Austria). Statistical significance was defined as p < 0.05 (two-tailed).261

We followed STROBE guidelines for reporting observational studies.262

2.6 Ethical Considerations263

This study used de-identified, aggregated secondary data from public health surveillance264

systems. Under Ecuadorian regulations, analysis of anonymized public health data for265

research purposes does not require institutional review board approval. No individual-266

level identifiers were retained in the analytical dataset.267

3 Results268

3.1 Descriptive Overview of Canton-Level Data (2022–2024)269

The canton-level dataset comprised 671 complete observations across three years (224270

cantons in 2022, 223 in 2023, and 224 in 2024). No missing values were identified in core271

variables, reflecting the completeness of Ecuador’s vital statistics and hospital registry272

systems.273

3.1.1 Distribution of Live Births by Occurrence274

The variable nacidos_vivos_ocurrencia exhibited extreme right-skewness, character-275

istic of highly centralized health service delivery (Figure 1). The majority of cantons276

recorded low or zero institutional deliveries (reflecting lack of birthing facilities), while277

a small number of urban cantons concentrated very high values. This distribution is278
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consistent with referral patterns where pregnant women travel from peripheral cantons279

to urban centers with obstetric capacity.280

Figure 1: Distribution of live births by place of occurrence using log(1+x)
transformation. The histogram reveals marked right-skewness: most canton–year ob-
servations have low counts (many cantons lack birthing facilities), while a small subset
of predominantly urban cantons concentrate very high delivery volumes. This pattern
reflects centralization of institutional obstetric services in referral centers.

Summary statistics confirmed this pattern: median nacidos_vivos_ocurrencia was281

89 (IQR: 0–412), while the mean was substantially higher at 523, with a maximum282

of 15,842 (corresponding to Guayaquil and Quito metropolitan cantons). By contrast,283

nacidos_vivos_residencia showed less extreme skewness (median 672, mean 661), re-284

flecting more even population distribution.285

3.1.2 Correlation Structure Among Key Variables286

Pearson correlation analysis revealed strong positive associations among indicators of287

service demand and delivery (Figure 2). Key findings included:288

• Demand variables: total_egresos_perinatales showed very strong correla-289

tions with both nacidos_vivos_ocurrencia (r = 0.92) and nacidos_vivos_residencia290
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(r = 0.87), as expected given that perinatal discharges include both maternal ob-291

stetric admissions and neonatal hospitalizations directly linked to birth events.292

• Infrastructure collinearity: camas_normales and camas_normales_disponibles293

were nearly perfectly correlated (r = 0.98), suggesting minimal difference between294

authorized and operational capacity at the aggregate level. Both showed moderate-295

to-strong correlations with camas_medianas (r ≈ 0.65) and camas_intensivas296

(r ≈ 0.58), indicating that larger hospitals tend to have more beds across all cate-297

gories.298

• Capacity-demand relationships: All bed-type variables correlated positively299

with delivery and discharge volumes (r = 0.45–0.75), consistent with a structural300

pattern where installed capacity scales with population size and service demand.301

This reflects rational health system planning but also highlights potential collinear-302

ity issues for regression modeling.303
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Figure 2: Pearson correlation matrix for canton-level numerical variables
(2022–2024). Strong positive correlations appear among live births (occurrence and
residence) and perinatal discharges, consistent with population size effects. Infrastruc-
ture variables show substantial intercorrelation and correlation with service volumes,
suggesting territorial concentration of both capacity and demand. High correlations in-
dicate potential collinearity concerns for multivariable modeling and underscore the need
for rate-based analyses or offset terms in count models.

These correlation patterns have important methodological implications: any explana-304

tory modeling must address collinearity through techniques such as standardization to305

population-based rates (e.g., per 1,000 live births), use of offset terms in Poisson/negative306

binomial models, or variable selection strategies. The high correlations also reinforce the307

interpretation that canton-level patterns primarily reflect structural concentration of ser-308

vices rather than independent effects of specific capacity types.309

3.2 Temporal Trends in Neonatal Mortality (2010–2024)310

Ecuador’s national NMR declined from 10.9 per 1,000 live births in 2010 to 5.4 in 2024,311

representing a 50.5% reduction over 14 years (average annual reduction rate 3.6%).How-312
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ever, this overall trend masked distinct temporal phases (Table 1).313

Table 1: Provincial NICU Bed Capacity and Neonatal Mortality, Ecuador 2022

Province Live Births NICU Beds Beds/1000 Births NMR

Pichincha 41,757 260 6.23 4.8
Guayas 59,963 220 3.67 5.1
Azuay 10,059 58 5.77 5.4
Manabí 19,531 94 4.81 5.9
El Oro 11,734 25 2.13 6.2

Chimborazo 6,186 3 0.48 7.8a

Bolívar 2,289 0 0.00 8.1a

Sucumbíos 3,696 0 0.00 7.6a

Esmeraldas 10,005 0b 0.00 6.9a

a Significantly above national average (5.4 per 1,000)
b Intermediate care beds only; no Level III NICU capacity

Source: INEC Hospital Infrastructure Registry; MSP Epidemiological
Gazettes

Provinces lacking NICU capacity depended on inter-provincial referral networks. Anal-314

ysis of 2024 neonatal death gazettes revealed that Zona 8 (Guayaquil metropolitan area)315

recorded 34.1% of neonatal deaths by place of occurrence but only 24.4% by maternal316

residence, indicating that approximately 10% of deaths in Guayaquil hospitals involved317

infants transferred from other provinces.[12]318

3.3 Equity Analysis: The Inverse Care Law319

Provincial NMR showed moderate positive correlation with UBN poverty index (Pearson’s320

r = 0.43, p = 0.03), with notable outliers. Morona Santiago and Esmeraldas—provinces321

with UBN >60%—exhibited NMR rates 30–40% above the national average. Conversely,322

Carchi and Sucumbíos provinces, despite moderate poverty levels, reported the highest323

2023–2024 NMR (6.7 and 7.6 per 1,000, respectively), suggesting that geographic isolation324

and healthcare infrastructure deficits compound poverty effects.325

The concentration curve for neonatal mortality bowed above the line of equality, with a326

concentration index of −0.18 (95% CI: −0.29 to −0.07), confirming that mortality burden327

is disproportionately concentrated in poorer provinces. However, the magnitude was328

moderate, suggesting that factors beyond poverty—including healthcare access, transport329
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infrastructure, and care quality—substantially influence outcomes.330

Examination of NICU bed distribution relative to need (proxied by preterm birth331

rates and high-risk pregnancy prevalence) revealed conformity to the Inverse Care Law:332

provinces with highest rates of maternal complications and preterm delivery had the333

lowest NICU bed density. Spearman’s rank correlation between preterm birth rate and334

NICU beds per capita was −0.38 (p = 0.06), approaching statistical significance and335

indicating that those most in need have least access—a pattern emblematic of healthcare336

inequity.337

3.4 Cost-Effectiveness Analysis338

Based on the 2024 National Health System Tariff, the reference cost for NICU care in339

Ecuador is $2,702 per bed-day.[26] For a typical preterm infant <32 weeks’ gestation340

requiring mechanical ventilation, average length of stay is 30 days (interquartile range341

21–45), yielding mean episode cost of $81,060 (range $56,742–$121,590).342

For our base-case cost-effectiveness analysis comparing NICU care to intermediate343

neonatal care for respiratory distress syndrome, we estimated:344

Costs (2024 USD):345

• NICU care: $81,060 per episode346

• Intermediate care: $18,400 per episode347

• Incremental cost: $62,660348

Outcomes:349

• NICU survival: 78% (literature estimate for Ecuadorian context)350

• Intermediate care survival: 45%351

• Incremental survival: 33 percentage points352

• DALYs averted: 23.2 per survivor (assuming life expectancy 77.6 years)353

• Incremental DALYs averted: 7.66 per treated infant354
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ICER: $8,182 per DALY averted (base case)355

Probabilistic sensitivity analysis (10,000 Monte Carlo iterations) yielded median ICER356

of $7,890 (95% uncertainty interval: $5,320–$12,150). At Ecuador’s 2023 GDP per capita357

threshold of $6,166, the probability of NICU care being cost-effective was 42%. At a358

3×GDP threshold ($18,498), the probability increased to 96%.359

These findings classify NICU care as cost-effective but not highly cost-effective in the360

Ecuadorian context. Importantly, comparison to high-impact preventive interventions361

reveals less favorable ratios:362

• Antenatal corticosteroids for threatened preterm labor: $150–$300 per DALY averted363

• Quality emergency obstetric care: $800–$1,500 per DALY averted364

• Improved prenatal care with infection screening: $600–$1,200 per DALY averted365

Thus, while NICU care represents reasonable value, opportunity costs relative to pre-366

ventive strategies are substantial—the resources required for one NICU episode could367

finance antenatal corticosteroids for 270–540 women at risk of preterm delivery, poten-368

tially preventing dozens of NICU admissions.369

4 Discussion370

4.1 Principal Findings371

This comprehensive analysis of Ecuador’s neonatal health system (2010–2024) yields four372

key findings with important policy implications:373

First, while national NMR declined substantially (50.5% over 14 years), the relation-374

ship between NICU capacity expansion and mortality reduction is complex and non-375

linear. Major hospital inaugurations produced no detectable immediate population-level376

impact in interrupted time-series analyses, and the period of most intensive infrastructure377

investment (2015–2019) coincided paradoxically with mortality stagnation.378

Second, canton-level ecological analysis reveals extreme territorial concentration of379

both birthing services and neonatal care capacity. The highly skewed distribution of live380
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births by occurrence, combined with strong correlations between infrastructure variables381

and service volumes, indicates centralized health service delivery with few urban cantons382

serving as referral centers for large catchment areas.383

Third, NICU bed distribution manifests severe geographic inequality (Gini coefficient384

0.67), conforming to the Inverse Care Law with highest-need provinces having lowest385

capacity. This maldistribution perpetuates disparities whereby remote, high-risk popu-386

lations face the longest journeys to life-saving care.387

Fourth, while NICU care is cost-effective by conventional thresholds, it demonstrates388

diminishing returns relative to preventive interventions. ICER estimates are 10–50 times389

higher than upstream strategies targeting prematurity prevention, raising important ques-390

tions about optimal resource allocation.391

4.2 The Paradox of Infrastructure Expansion392

The apparent paradox—massive infrastructure investment concurrent with mortality393

stagnation (2015–2019)—merits careful interpretation, particularly given the ecological394

nature of our data. We propose three complementary explanations grounded in health395

systems theory:396

First, new flagship hospitals were "born saturated," immediately filling to capacity397

with both newly accessible patients and those previously served by overcrowded exist-398

ing facilities. This represents demand redistribution rather than net capacity expansion,399

explaining the absence of step-change effects in interrupted time-series analyses. Admin-400

istrative data from Hospital Calderón showed 95% NICU occupancy within three months401

of opening, supporting this interpretation.402

Second, Ecuador’s NICU expansion was not accompanied by proportional strength-403

ening of intermediate care capacity in district hospitals, creating a "missing middle"404

that forces referral of moderate-complexity cases to tertiary centers, blocking access for405

truly critical patients. Our correlation analyses showing strong associations between all406

bed types (r > 0.55) suggest that capacity expansion occurred predominantly in already407

well-resourced cantons rather than filling gaps in underserved areas.408
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Third, persistent upstream determinants—maternal malnutrition, inadequate prena-409

tal care quality, uncontrolled gestational hypertension—continue generating high-risk de-410

liveries that overwhelm even expanded capacity. The moderate concentration index for411

mortality (−0.18) indicates that while poverty matters, healthcare system factors play412

substantial independent roles.413

4.3 Ecological Analysis and Interpretation Limitations414

The canton-level analysis provides valuable insights into territorial patterns but requires415

cautious interpretation due to the ecological fallacy. The strong correlations observed416

between infrastructure variables and service volumes (r = 0.45–0.92) describe aggregate417

patterns and cannot support causal inferences about individual patient outcomes.418

Several specific cautions apply:419

• Aggregation bias: Canton-level associations may not reflect individual-level rela-420

tionships. For example, the correlation between NICU beds and perinatal discharges421

reflects both genuine capacity effects and confounding by population size.422

• Collinearity implications: High intercorrelations among infrastructure variables423

preclude disentangling independent effects of specific bed types. Any canton with424

intensive care capacity tends also to have proportionally more normal and interme-425

diate beds.426

• Unmeasured confounding: Canton-level data lack information on case-mix sever-427

ity, staff qualifications, equipment functionality, or referral patterns—all critical428

determinants of neonatal outcomes.429

• Temporal dynamics: The 2022–2024 cross-sectional canton data cannot address430

questions about how capacity changes over time affect outcomes, which requires431

longitudinal individual-level data.432

Despite these limitations, the ecological analysis fulfills its intended purpose: char-433

acterizing territorial patterns of service concentration, identifying geographic inequities,434
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and revealing structural relationships that inform health system planning. The consis-435

tency between canton-level patterns (high concentration) and provincial-level analyses436

(Inverse Care Law, interrupted time-series null findings) strengthens confidence in the437

overall narrative.438

4.4 Geographic Inequity and the Inverse Care Law439

Our finding that NICU bed density correlates negatively with population need (ρ =440

−0.38) provides empirical confirmation of Hart’s Inverse Care Law in the Ecuadorian441

context.[16] The mechanisms driving this inequality are multiple and mutually reinforcing.442

Historically, hospital construction followed political economy rather than epidemiolog-443

ical need, with flagship facilities serving as visible symbols of governmental achievement444

in populous urban centers. The concentration of 68% of NICU beds in just two provinces445

(Pichincha and Guayas) reflects this legacy.446

Additionally, NICU operation requires scarce human resources—neonatologists, respi-447

ratory therapists, specialized nurses—who preferentially practice in cities offering better448

working conditions, educational opportunities for their families, and professional devel-449

opment prospects. Ecuador’s neonatologist workforce is estimated at 180 physicians450

nationally, with over 60% practicing in Quito and Guayaquil.451

Finally, the fixed costs of maintaining sophisticated equipment create economies of452

scale favoring large urban centers. A functional NICU requires not only beds but also: me-453

chanical ventilators ($25,000–$40,000 each), continuous monitoring systems, respiratory454

support equipment, on-site laboratory capacity, and 24/7 technical support—investments455

difficult to sustain in low-volume rural settings.456

The consequences of this maldistribution are severe and measurable. Analysis of457

mortality gazettes revealed that approximately 12% of neonatal deaths in referral centers458

involve infants who died within 24 hours of admission following long-distance transfer—a459

"hidden mortality" directly attributable to geographic access barriers. A premature infant460

born in Sucumbíos requiring Level III care faces a 6–8 hour transfer to Quito, during which461

survival probability declines precipitously even with optimal transport conditions.462
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4.5 Cost-Effectiveness in Context and Opportunity Costs463

While our base-case ICER of $8,182 per DALY averted falls within conventional cost-464

effectiveness thresholds (1–3×GDP per capita), several considerations warrant caution465

in interpretation and highlight the value of integrating economic analysis with ecological466

assessment.467

First, this estimate reflects average cost-effectiveness across all NICU admissions dur-468

ing 2022–2024; marginal cost-effectiveness at current capacity levels may be considerably469

higher due to diminishing returns. As capacity expands, the additional cases treated470

tend to be less severe (appropriate intermediate care patients referred defensively) or471

more complex (extremely premature infants with lower salvageability), both of which472

worsen cost-effectiveness ratios.473

Second, our analysis adopted a healthcare sector perspective, excluding substantial474

household costs that ecological data cannot capture: transportation expenses ($50–$200475

for inter-provincial transfers), accommodation costs for family members staying near re-476

ferral hospitals ($15–$30 daily for weeks), and opportunity costs of caregiving (lost wages,477

disrupted employment). These costs disproportionately burden poor families despite478

nominally "free" public services, exacerbating the inequity revealed in our concentration479

curve analysis.480

Third, comparison to preventive interventions reveals large opportunity costs with481

direct relevance to canton-level planning. The resources required for one NICU episode482

($81,060) could alternatively finance:483

• Antenatal corticosteroids for 270–540 women at risk of preterm delivery484

• Quality improvement in emergency obstetric care serving 50–100 deliveries485

• Comprehensive prenatal care programs for 70–135 high-risk pregnancies486

Each of these preventive strategies would likely prevent multiple NICU admissions,487

suggesting that current resource allocation may be suboptimal from an efficiency per-488

spective.489
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The canton-level correlation patterns support this interpretation: cantons with high-490

est perinatal discharge volumes (indicating high service utilization) do not necessarily491

have best outcomes, suggesting that volume alone—without addressing upstream deter-492

minants—is insufficient.493

4.6 Social Determinants as the Residual Frontier494

The moderate concentration index for neonatal mortality (−0.18), while confirming pro-495

poor inequality, is smaller than indices for maternal mortality (−0.35) or vaccination496

coverage (+0.28) in Ecuador.[34] This pattern, combined with canton-level evidence of497

extreme geographic concentration, suggests that factors beyond household socioeconomic498

status—including healthcare system performance, geographic access, and obstetric care499

quality—substantially determine outcomes.500

Indeed, the high mortality rates in Carchi and Sucumbíos despite moderate UBN501

indices, and the extreme skewness in live births by occurrence (most cantons have zero502

institutional deliveries), underscore that geographic isolation and healthcare infrastruc-503

ture deficits can overwhelm socioeconomic advantages.504

Contemporary neonatal mortality in Ecuador thus represents a "residual frontier"505

where further progress requires addressing complex, interacting determinants that eco-506

logical analysis can identify but not fully disentangle:507

• Improving prenatal care quality to prevent prematurity and detect maternal com-508

plications509

• Strengthening emergency obstetric capacity to reduce intrapartum asphyxia510

• Regionalizing intermediate neonatal care to avoid dangerous long-distance transfers511

• Tackling upstream social determinants including adolescent pregnancy, maternal512

education, and food security513

The canton-level data highlight that this challenge is fundamentally geographic: 15–514

20% of cantons account for over 80% of institutional deliveries, creating vast service515

deserts where pregnant women must travel hours for basic obstetric care.516
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4.7 Policy Implications517

Our findings, integrating time-series, ecological, equity, and economic analyses, support518

four priority policy directions:519

1. Regionalize Intermediate Care Capacity. Rather than further expanding520

flagship NICUs in Quito and Guayaquil (which our interrupted time-series analyses show521

produce no immediate mortality benefit), invest in creating functional Level II neonatal522

units in strategically located provincial hospitals serving underserved cantons (e.g., Tul-523

cán, Macas, Esmeraldas). These facilities, capable of managing moderate prematurity524

(32–34 weeks) and stabilizing critically ill infants, would reduce both unnecessary tertiary525

referrals and dangerous late transfers. The canton-level data showing zero births in many526

peripheral cantons underscore the need for this intermediate tier.527

2. Implement Dedicated Neonatal Transport System. Ecuador currently528

lacks a structured neonatal transport network despite evidence from mortality gazettes of529

substantial inter-provincial patient movement. International evidence demonstrates that530

organized transport systems reduce in-transit mortality by 40–60%.[35] Priority should531

be given to air transport capacity connecting the Amazon region to tertiary centers and532

ground transport for shorter inter-cantonal transfers.533

3. Rebalance Investment Toward Prevention. The large opportunity cost differ-534

ential between NICU care ($8,182/DALY) and preventive interventions ($150–$1,200/DALY),535

combined with canton-level evidence that infrastructure alone does not guarantee out-536

comes, argues for redirecting marginal resources toward high-impact upstream strategies:537

universal antenatal corticosteroid availability, quality improvement in emergency obstet-538

ric care at the canton level, comprehensive prenatal screening, and community-based539

interventions targeting maternal nutrition and adolescent pregnancy.540

4. Address Human Resource Constraints. Physical infrastructure means little541

without qualified personnel—a point underscored by the near-perfect correlation (r =542

0.98) between authorized and available beds, suggesting bed counts are not limited by543

infrastructure but by staffing. Ecuador should implement targeted incentive programs to544

attract and retain neonatologists and specialized nurses in underserved regions, including545

23



competitive salaries, housing subsidies, structured mentorship, telehealth consultation546

support from national reference centers, and guaranteed positions in urban centers after547

defined rural service periods.548

4.8 Strengths and Limitations549

This study’s principal strengths include comprehensive coverage of 14 years of national550

temporal data integrated with detailed canton-level ecological data for 2022–2024, tri-551

angulation across multiple data sources, rigorous application of interrupted time-series552

and equity analysis methods, and explicit consideration of economic opportunity costs.553

The use of official vital statistics registries with high completeness (estimated >95%)554

minimizes selection bias.555

However, important limitations warrant acknowledgment:556

Ecological fallacy: As an ecological study, we cannot infer individual-level causa-557

tion. The strong correlations observed at canton level between infrastructure and service558

volumes may reflect unmeasured confounding including population size effects, urbaniza-559

tion, socioeconomic development, or temporal trends in risk factors. The associations560

describe territorial patterns, not individual patient outcomes.561

Time-series assumptions: Interrupted time-series analysis assumes that, absent562

intervention, underlying trends would have continued unchanged—an assumption poten-563

tially violated during Ecuador’s tumultuous 2015–2020 period encompassing economic564

crisis and pandemic disruption. The canton-level data (2022–2024) postdate these major565

interventions, limiting ability to assess immediate impacts.566

Cost-effectiveness limitations: Our cost-effectiveness analysis relied on tariff sched-567

ules that may not reflect actual resource costs, and on effectiveness estimates from liter-568

ature rather than prospective Ecuadorian cohorts. We lacked patient-level clinical data569

enabling case-mix adjustment and assessment of admission appropriateness.570

Unmeasured quality factors: Variables such as NICU bed counts reflect installed571

capacity but not operational reality: bed occupancy rates, staffing levels, equipment572

functionality, medication availability, or care quality. The canton-level correlations cannot573
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address these process and quality dimensions.574

Geographic aggregation: Our equity analysis used provincial aggregates that ob-575

scure within-province heterogeneity, particularly in large provinces encompassing both576

urban centers and remote rural areas. Canton-level data provide finer resolution but still577

aggregate across diverse populations.578

Temporal coverage: The detailed canton-level infrastructure and discharge data579

span only 2022–2024, precluding long-term trend analysis at this granular level. Integra-580

tion with 2010–2024 vital statistics provides temporal depth but at coarser geographic581

resolution.582

Despite these limitations, the consistency of findings across analytical approaches—canton-583

level ecological patterns, provincial time-series, equity analyses, and economic evalua-584

tion—strengthens confidence in the overall conclusions and their policy relevance.585

4.9 Directions for Future Research586

Our findings illuminate several priority research questions:587

• Individual-level cohort studies: Link individual birth records, prenatal care uti-588

lization, NICU admission, and long-term developmental outcomes to clarify causal589

pathways and identify modifiable risk factors, overcoming ecological fallacy limita-590

tions.591

• Detailed microcosting: Conduct facility-level costing studies using microcosting592

methods in representative Ecuadorian NICUs to improve cost-effectiveness esti-593

mates and identify efficiency opportunities.594

• Qualitative access research: Explore family experiences navigating the neonatal595

referral system through qualitative methods to reveal practical access barriers not596

captured in administrative canton-level data.597

• Optimization modeling: Use mathematical modeling to estimate optimal geo-598

graphic distribution of NICU capacity under budget constraints, building on our599

canton-level infrastructure mapping.600
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• Preventive intervention trials: Conduct implementation research testing strate-601

gies to improve prenatal care quality and uptake in high-risk populations identified602

through canton-level need assessments.603

• Longitudinal canton analysis: Extend canton-level infrastructure and outcome604

data backward to 2010 to enable longitudinal ecological analyses of how capacity605

changes relate to outcome trends.606

5 Conclusion607

Ecuador’s experience over 2010–2024 demonstrates both the achievements and funda-608

mental limitations of hospital-centric approaches to reducing neonatal mortality. While609

NICU expansion contributed to a 50% reduction in national NMR, the relationship be-610

tween infrastructure investment and mortality reduction is complex and non-linear, with611

evidence of diminishing marginal returns and no detectable immediate impact from major612

hospital inaugurations.613

Canton-level ecological analysis reveals extreme territorial concentration of obstetric614

services and neonatal care capacity, with highly skewed distributions where 15–20% of615

cantons account for over 80% of institutional deliveries and NICU beds. This concentra-616

tion manifests as severe geographic inequality (Gini coefficient 0.67) conforming to the617

Inverse Care Law, whereby remote, high-risk populations face the longest journeys to618

life-saving care.619

The strong correlations observed between infrastructure variables and service volumes620

at canton level describe structural patterns of centralized service delivery but, given the621

ecological nature of these data, cannot support individual-level causal inferences. These622

territorial patterns must be interpreted as associations reflecting population size effects,623

urbanization, and health system organization rather than definitive evidence of specific624

infrastructure impacts on individual outcomes.625

Cost-effectiveness analysis confirms that while NICUs represent reasonable value ($8,182626

per DALY averted), opportunity costs relative to preventive interventions are substantial—10-627

26



to-50-fold differences suggest current resource allocation may be suboptimal from an ef-628

ficiency perspective.629

Achieving Ecuador’s Sustainable Development Goal target of ≤12 neonatal deaths630

per 1,000 live births by 2030 will require transitioning from a model emphasizing ter-631

tiary care infrastructure in already well-served urban centers to an integrated health net-632

work approach. Priority interventions include regionalizing intermediate care capacity to633

underserved cantons, implementing structured neonatal transport systems, rebalancing634

investment toward preventive strategies addressing prematurity and obstetric complica-635

tions, and addressing systemic barriers limiting healthcare workforce distribution.636

More broadly, Ecuador’s experience offers generalizable lessons for middle-income637

countries at similar stages of health system development. While sophisticated tertiary638

care represents an essential component of comprehensive health systems, its impact is639

constrained when not embedded within strong primary care networks and when so-640

cial determinants remain unaddressed. The canton-level ecological patterns we docu-641

ment—extreme concentration, strong infrastructure-volume correlations, persistent dis-642

parities—likely characterize many LMIC health systems.643

Sustainable progress toward health equity requires not only technological capacity644

but fundamental strengthening of the care continuum from preconception through the645

neonatal period, with explicit attention to ensuring that those with greatest need have646

proportionate access to quality services. Future research should prioritize individual-647

level studies that can overcome the ecological fallacy limitations while building on the648

territorial insights provided by ecological analysis.649
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