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Abstract

Despite the advanced contributory and non-contributory social health coverage schemes, Tunisian households remain
exposed to high out-of-pocket health expenditures (OOPE) and limited financial protection. This study investigates the
distributional determinants of OOPE across social insurance schemes to support health financial protection. This study
uses data from the 2021 national household survey (N = 21,600), of which 17,647 households are covered under the
National Fund of Health Insurance (CNAM) and the insurance for the poor and vulnerable population (AMEN program).
Conditional and censored quantile regression models are estimated separately by coverage scheme to capture
distributional heterogeneity in OOPE, particularly in the upper tail where catastrophic spending risk is concentrated. The
censored specification accounts for the semi-continuous nature of OOPE with a mass at zero. Statistical inference relies
on bootstrap standard errors (1,000 replications) to ensure robustness to heteroskedasticity. The average OOPE is higher
among CNAM households (1,150 TND) compared with AMEN households (651 TND). Health-need factors, particularly
chronic disease and disability, are the main drivers of OOPE, with effects increasing markedly across the distribution (e.g.,
from about 180 TND at T = 0.25 to over 1,150 TND at T = 0.90). Socioeconomic vulnerability, including lower education
and larger household size, further exacerbates financial risk, informing evidence-based policies for strengthening the
social protection.Geographic barriers to specialized care, such as “distance to university hospitals,” and reliance on tertiary
services significantly increase OOPE, especially among AMEN beneficiaries. Cross-coverage Wald tests confirm significant
structural differences between CNAM and AMEN households, with divergence increasing toward the upper tail of the
expenditure distribution where catastrophic financial risk materializes. Despite the expansion of the social health
coverage, a gap persists between insurance coverage and effective financial protection. Chronic disease burden,
socioeconomic disadvantage, and geographic access constraints remain key drivers of financial exposure to healthcare
costs. Strengthening financial protection in Tunisia therefore requires reforms that unify coverage schemes and improve
geographic access to healthcare services.
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JEL Classifications: 113,118, C31,H51,C14

Introduction

In many countries, health systems are expected to provide adequate financial protection by ensuring that payments for
healthcare do not expose households to financial hardship. However, when such protection through the health coverage
is insufficient, access to care may decline, health outcomes may deteriorate, and poverty and socioeconomic inequalities
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may deepen. The excessive reliance on out-of-pocket expenditures (OOPE) plays a major role in weakening financial
protection and increasing the likelihood of financial hardship (Nguyen et al., 2023).

Globally, two core indicators are used to assess financial protection under SDG target 3.8: catastrophic health expenditure
(CHE) and impoverishment (IMPOV) due to OOPE (World Health Organization, 2021) and (Cylus et al., 2018). CHE occurs
when OOPE exceed a predefined share of household resources. Household resources may be defined differently;
commonly, they are measured as total expenditure or as expenditure net of basic needs (Xu et al,, 2005). The most
frequently used thresholds are 10% of total consumption or 40% of non-food (or capacity-to-pay) expenditure (Xu et al,
2003). IMPOV due to health spending occurs when OOPE push a household below the poverty line after accounting for
health expenditures (Hsu et al., 2018). It is measured by comparing household consumption before and after deducting
OOPE. A household is considered impoverished if it is non-poor before health expenditures but falls below the poverty
line afterward. The IMPQV effect is quantified as the increase in the poverty headcount and, when relevant, the poverty
gap between pre- and postexpenditures distributions (Wagstaff and Doorslaer, 2003). These indicators are calculated
using microdata from national household surveys, in which household expenditures are generally derived in accordance
with the COICOP (United Nations Classification of Individual Consumption According to Purpose) (United Nations, 2018).
Thus, OOPE is derived by summing all direct payments made for health goods and services classified under UN COICOP
Division 06 (Health). CHE is then estimated by comparing standardized OOPE to total household expenditures, while
impoverishment is assessed by comparing poverty status before and after deducting OOPE.

According to the WHO 2023 Global Monitoring Report on Financial Protection, the world is off track to achieve universal
health coverage (UHC) under SDG 3.8. Since 2015, service coverage improvements have stagnated, while financial
hardship has intensified. The global number of people incurring CHE has increased continuously since 2000 and
surpassed 1 billion people by 2019. The share of the global population living in households spending more than 10% of
their budget on OOPE rose from 9.6% in 2000 to 12.6% in 2015 and 13.5% in 2019. In absolute terms, this represents a
76% increase, from 588 million people in 2000 to 1.04 billion in 2019. IMPOV trends show a more complex pattern. At the
extreme poverty line (US$2.15/day, 2017 PPP), the proportion of the global population experiencing impoverishing OOP
spending declined from 22.2% in 2000 to 15.6% in 2015 and 4.4% in 2019. However, at the relative poverty line, IMPOV
increased from 11.8% in 2000 to 15.8% in 2015 and 16.7% in 2019, indicating that financial hardship increasingly affects
households living near or just above poverty thresholds (World Health Organization, 2021) and (World Health
Organization, 2023). Moreover, very few countries have succeeded in improving service coverage while simultaneously
reducing catastrophic spending. Of 138 countries with comparable data since 2000, only 42 countries achieved
expansion of service coverage alongside reductions in catastrophic OOPE (Endalamaw et al., 2025). Since the launch of
the SDGs in 2015, 108 out of 194 countries have experienced stagnation or deterioration in service coverage (Whiting,
2023). However, low-income and lower-middle-income countries recorded improvements in the UHC Service Coverage
Index since 2000 but also experienced the largest increases in catastrophic OOPE. Countries that achieve lower CHE
incidence typically combine higher public health spending with well-designed coverage policies, including copayment
exemptions for low-income populations and strong primary care benefits (Thomson et al.,, 2019) and (Soyiik, 2023).

Most studies analyze the determinants of household financial hardship after estimating CHE and IMPOV. These analyses
typically rely on logistic regression models in which CHE or IMPOV are treated as a binary outcome (1 = household incurs
CHE; 0 = otherwise). The explanatory variables generally include health status indicators (chronic disease, disability, and
so on), demographic characteristics (gender of household head, age structure, household size, presence of elderly or
children), and socioeconomic variables (expenditure quintile, education, employment, insurance coverage, urban-rural
residence, region). This framework allows identification of structural determinants of financial hardship and informs
targeted policy interventions (Eze et al., 2022). Alternatively, some studies have focused on the effects of specific
household profiles such as households with chronic diseases (Kansra et al., 2025) or insured households (Liu et al., 2020)
or on components of OOPE (e.g., pharmaceuticals versus hospitalization) to better explore and analyze scope and drivers
of CHE and IMPQV (Ismail and Arfa, 2022) and (Panda et al., 2024).
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In Tunisia, social health coverage is provided through a combination of the contributory scheme managed by the Caisse
Nationale d’Assurance Maladie (CNAM) for formal sector workers and non-contributory schemes offering subsidized or
free coverage for poor and vulnerable populations under the AMEN program (Nasri et al., 2022). Together, these
mechanisms cover approximately 82% of the population (Institut National de la Statistique, 2021). However,
OOPE remains historically high, representing nearly 35-40% of current health expenditure over the past fifteen years,
according to the World Health Organization Global Health Expenditure Database (World Health Organization, 2025) and
previous evidence (Abdelaziz et al., 2018). Evidence from nationally representative household surveys (Institut National
de la Statistique, 2021) and studies indicates that CHE affects approximately 18% of households at the 10% threshold,
while 4-8% exceed the 40% capacity-to-pay benchmark. Health spending contributes to poverty incidence estimated at
1-3% and deepens the poverty gap among vulnerable households (Abu-Zaineh et al., 2014), (Abu-Zaineh et al., 2013),
and (Ismail and Arfa, 2022). Although CNAM and AMEN provide formal financial protection, the effective coverage
remains ineffective. Co-payments, reimbursement ceilings, self-medication purchases, and recourse to private providers
expose even insured households to significant financial risk (Ismail and Arfa, 2022). This structural paradox “high nominal
health coverage coexisting with persistent financial hardship” has been explicitly highlighted in the above cited studies
assessing financial protection in Tunisia. The occurrence of CHE and impoverishment risks among households covered by
CNAM or AMEN highlights structural limitations in the capacity of these schemes to ensure effective financial protection
and raises concerns for Tunisia’s progress toward UHC-SDG 3.8. Why do insured households remain financially exposed
despite social health coverage? To what extent do household characteristics interact with coverage arrangements to
increase the risk of CHE and IMPOV. Addressing these questions is essential for informing policy reforms aimed at
strengthening financial protection.

This study analyzes the distribution of OOPEs and their implications for financial protection in Tunisia among households
covered by CNAM and AMEN, based on nationally representative data from the 2021 Household Budget, Consumption
and Standard of Living Survey (Institut National de la Statistique, 2021). A conditional and censored quantile regression
framework is employed to estimate the socioeconomic and health-related determinants of OOPE across coverage
modalities and along the expenditure distribution. The analysis accounts for the semi-continuous nature of OOPE and
heterogeneous effects across quantiles in order to assess whether formal coverage effectively protects households
against CHE and IMPQV, and to identify the factors that increase or mitigate financial risk among insured households. The
paper presents the research methodology and data, followed by the empirical findings, a discussion of the policy
implications, and the concluding remarks.

Research Method

Econometric framework

A conditional and censored quantile regression is combined to provide a fully distributional analysis of OOPE by
capturing heterogeneous covariate effects across the entire expenditure distribution and upper-tail financial risk. The
semi-continuous nature of OOPE is explicitly addressed through a latent-variable censored specification, ensuring
consistency in the presence of a mass at zero and right-skewed positive expenditures. Estimation is conducted separately
by insurance modality to allow structural heterogeneity in slope parameters. Inference is implemented via nonparametric
bootstrap resampling, whereby households are repeatedly resampled with replacement within each coverage
subsample, and the model is re-estimated in each replication (Koenker and Machado, 1999). The empirical dispersion of
the resulting parameter estimates provides variance estimates and confidence intervals that remain valid under
heteroskedasticity, censoring, and the non-smooth optimization structure of quantile regression. This ensures reliable
inference without imposing parametric distributional assumptions.

Let ¥Y; > 0 denote OOPE for household 2 = 1,..., N. The objective is to estimate the distributional determinants of
OOPE conditional on coverage modality. Households are partitioned into two mutually exclusive coverage groups
indexed by g € {1,2}. Model estimation is conducted separately within each group to allow structural heterogeneity in
slope parameters across insurance modalities. OOPE is semi-continuous, characterized by a mass at zero and a right-
skewed distribution among positive realizations. Mean-based estimators are therefore inadequate to capture
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heterogeneity across the expenditure distribution, particularly in the upper tail where financial risk is concentrated. We
accordingly employ a conditional quantile regression (ConQR) (Chernozhukov and Hong, 2002) (Kwon and Chung,
2023). For each coverage group g, the conditional quantile function of OOPE is specified as in Equation (1):

QY|X(T | G;= 9, X’L) =Qqg+ Xz{ﬂ'rgyT € [07 1] (1)

where: Qy|X(T | G; = g,X;) represents the 7t conditional quantile of OOPE for households belonging to coverage
group g; T denotes the quantile of interest (0.25, 0.50, 0.75, 0.90); X; is a vector of explanatory variables describing
household characteristics; a4 is the quantile-specific intercept and S, is a vector of coefficients that can vary across
quantiles, capturing how the impact of each determinant differs across the distribution of OOPE. The Quantiles (t = 0.25,
0.50, 0.75, 0.90) are selected to capture heterogeneity across the OOPE distribution, from lower to upper tails. The 90th
percentile is used as an indicator of high financial risk exposure. This choice is relevant in the Tunisian context, where
OOPE is high (about 35-40% of current health expenditure) and 18% of households incur CHE. From an econometric
analysis, T = 0.90 provides a balance between capturing upper-tail vulnerability and ensuring estimation robustness, as
more extreme quantiles (e.g., 0.95 or 0.99) may produce unstable estimates given sample size and censoring. All
parameters are estimated by minimizing the asymmetric quantile loss function defined in Equation (2):

ém = arg méin Z pr(Yi — Xi0) (2)
:Gi=g

where: § = (aTg,ﬂ;.g)' is the vector of parameters to be estimated. The estimation relies on the quantile “check” loss
function as in Equation (3):

pr(u) =w(r—1 {u<0}) (3)

where: u = Y; — X6 is the residual; 1 {& < 0} is an indicator function equal to 1 when the residual is negative and 0
otherwise. The loss function assigns different weights to positive and negative residuals, allowing the model to estimate a
specific quantile rather than the conditional mean.

~

Under standard regularity conditions (Koenker and Bassett, 1978) (Koenker and Machado, 1999), GTg is consistent and
asymptotically normal provided the conditional density of Y given X is positive at the quantile of interest. This framework
allows covariate effects to vary flexibly across the conditional distribution of OOPE. The validity of the estimates relies on
conditional exogeneity: Elu; | X;,G;] =0, implying that coverage modality is independent of unobserved
expenditure determinants conditional on observed covariates.

The Semi-Continuous Nature of OOPE is modeled. Given the presence of zero expenditures, we additionally estimate a
censored quantile regression (CenQR) specification based on the latent-variable representation (Che Ramli and Kim,
2025), defined in Equation (4):

},i = ma.x(O, Y1,*) (4)

where Y;* denotes latent desired health expenditure. The structural quantile function of the latent outcome is specified
as in Equation (5):

Qy+x(T | Gi = 9, Xi) = atrg + XiBrg (5)

Estimation follows the censored quantile regression approach of Chernozhukov and Hong (Chernozhukov and Hong,
2002), which identifies structural quantile effects under left censoring. Identification relies on monotonicity of the
structural quantile process and regularity of the conditional density. This specification allows separation of participation
(zero expenditure) from intensity (positive expenditure) effects within a unified distributional framework.

The model is estimated separately within each insurance subsample and incorporates both censoring and a non-smooth
quantile objective function. In finite samples, analytical variance expressions may therefore be unreliable. Inference is
implemented using nonparametric bootstrap resampling. For each insurance group g, households are resampled with
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replacement while preserving the original subsample size Ny. In each bootstrap replication b=1,...,B, the

conditional (or censored) quantile model is re-estimated to obtain é,(-?.The bootstrap covariance matrix is computed as

in Equation (6):

B
——boot /4 1 A(b) ~ A(b) ~
Var (0r) = 577 2 (07— 0ng) (0 - 0s) ©
b=1
~ B A b
where 6, = % p ] 05-9)
Standard errors and confidence intervals are derived from the empirical distribution of the bootstrap estimates. This
resampling procedure yields variance estimates that remain valid under heteroskedasticity, censoring, subsample
partitioning, and the nondifferentiability of the quantile loss function, without imposing parametric distributional
assumptions (Zhang et al., 2021). To assess whether the determinants of OOPE differ across insurance modalities, we test
the null hypothesis of equality of slope parameters at each quantile; Equation (7):

HO : ﬁ'rl = ﬂr2 (7)

Where 8,1 and B9 denote the quantile-specific slope estimates obtained from the two insurance subsamples. The Wald
statistic is constructed as given in Equation (8):

-1
W = (E‘rl - 37'2)1 @wm(grl - B‘l’2) (B‘rl - 372) (8)

where the bootstrap covariance of the difference is given by Equation (9):

boot ~ ~ —boot ~ —boot ~

(/91'1 - /31'2) = Var (B‘rl) + Var (/91'2) (9)
Bootstrap-based variance estimation ensures valid inference under heteroskedasticity, censoring, and subsample
partitioning. This testing procedure identifies structural differences in geographic and socioeconomic gradients across
insurance schemes and across expenditure quantiles. Model adequacy is evaluated using the Koenker-Machado pseudo-

R? (Koenker and Machado, 1999), defined at quantile as in Equation (10):

Var

- diPr (Yi - @Y|X(T | Xz))

et YiPr (Yi - QY(T))

(10)

where Qy|x(7 | X;) denotes the fitted conditional quantile and Qy(7) the unconditional sample quantile. The
numerator represents the minimized check-loss from the conditional model, while the denominator corresponds to the

loss from an intercept-only specification. The pseudo—R2 therefore measures the proportional reduction in weighted
absolute deviations achieved by the model at quantile 7. Quantile monotonicity is assessed to verify the non-crossing
property of estimated conditional quantiles across values of T, ensuring internal consistency of the estimated quantile
process.

Identification strategy for OOPE determinants (CNAM vs. AMEN)

An explicit identification strategy is required because assignment to CNAM or AMEN is nonrandom and reflects eligibility
conditions linked to employment and income. The analysis adopts a selection-on-observables framework, assuming that,
conditional on observed covariates, insurance modality is independent of unobserved determinants of OOPE. This
assumption is supported by the inclusion of covariates capturing the mechanisms driving both insurance selection and
OOPE: health needs, socioeconomic status, healthcare access and utilization, and regional effects. In line with quantile
regression theory, the selected covariates contribute to reducing omitted-variable bias and help mitigate selection bias in
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conditional and censored quantile estimates, as they closely capture the characteristics underlying variation across
insurance modalities. The censored quantile framework is further justified as it enables inference on conditional quantiles
when the response variable is censored, with validity relying on the conditioning set (Jiang et al., 2012). Instrumental
variable approaches could strengthen causal identification; however, no credible instrument satisfying both relevance
and exclusion conditions is available in this cross-sectional setting and may divert the analysis from the study objective.

Bootstrap resampling is used to obtain robust standard errors and confidence intervals without relying on normality
assumptions, given censoring, heteroskedasticity, and the nonsmooth quantile function. While bootstrap methods do
not correct for selection bias per se, they improve the reliability of inference in settings where unobserved heterogeneity
and selection mechanisms may affect the distribution of the estimators, by capturing the empirical variability induced by
the sampling process. It is relevant in quantile regression frameworks, where heterogeneity across the distribution and
potential selection effects can distort conventional inference (Chen and Wang, 2023). The estimates are therefore
interpreted as distributional conditional associations rather than causal effects.

Data used

This study uses microdata from the 2021 Tunisian National Household Expenditure and Consumption Survey conducted
by the Institut National de la Statistique (2021). The survey provides national representative data on household
consumption, OOPE, demographic structure, socioeconomic characteristics, and geographic location.

Table 7 reports the descriptive statistics of the sampled households by social health coverage scheme (CNAM and AMEN).
The 2021 national household survey includes 21,600 households, of which 17,647 are covered by a social health
protection scheme, including 12,706 CNAM beneficiaries and 4,941 AMEN beneficiaries. In 2021, the average annual
household expenditure reached 21,240.5 TD for CNAM households and 9,280.4 TD for AMEN households. Average annual
OOPE amounted to 1,150.8 TD for CNAM households and 950.6 TD for AMEN households. Despite lower absolute
spending, AMEN households faced a substantially higher OOPE burden relative to total expenditure (10.24%) compared
with CNAM households (5.42%). AMEN households also exhibit greater socioeconomic and health vulnerability, with a
higher prevalence of chronic disease (57.4%), disability (33.4%), elderly members (49.8%), and illiteracy among household
heads (28.6%), compared with CNAM households. The mean annual number of visits to university hospitals was 2.1 (SD =
1.6) among CNAM beneficiaries and 3.2 (SD = 1.8) among AMEN beneficiaries. The average distance to a university
hospital was 22.4 km (SD = 13.2) for CNAM households and 39.6 km (SD = 21.4) for AMEN households. Geographically,
AMEN households are more concentrated in disadvantaged regions such as the Center West and Northwest, whereas
CNAM households are more prevalent in Greater Tunis and the Center East.

The empirical specification includes variables capturing financial risk outcomes, insurance modality, health status,
socioeconomic characteristics, and territorial context. The dependent variables comprise total OOPE by insurance
modality (CNAM vs. AMEN), the share of OOPE in total household expenditures. Explanatory variables are organized into
three groups. First, health-need factors include the presence of chronic disease, disability, and elderly (>60 years) and
children (<5 years) household members. Second, socioeconomic characteristics capture vulnerability gradients through
the gender, household size, education, and the household head. Third, territorial and supply-side factors include regional
location, the annual mean number of visits to university hospitals, and the average distance to the nearest university
hospital (km). This set of covariates allows the identification of socioeconomic and health-related profiles associated with
elevated OOPE and financial hardship among insured households, thereby distinguishing between nominal insurance
coverage and effective financial protection. All statistical analyses were conducted using Stata 17 (StataCorp, 2021).
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Total Numbers of Households (HH)

Average Annual Expenditure (TD)

OOPE

Annual Average OOPE (TD)

OOPE as share in % of total Households’

expenditure

Having Chronic Disease Members

HH with Chronic Disease members (%)

HH without Chronic Disease members (%)

HH with Disabled Members (%)

With

Without

Having Elderly (>60 years) (%)

HH with elderly

HH without elderly

Having Children <5 years (%)

HH with child <5

HH without child <5

HH Head Gender (%)

Male

Female

Education Level (%)

Illiterate

Primary

CNAM

12,706

21,240.50

1,150.80

542

49.2

50.8

824

729

24.1

759

87.6

14.2

40.1

AMEN

4,941

9,280.40

950.6

10.24

574

42.6

334

66.6

49.8

50.2

15.2

84.8

80.4

19.6

28.6

44.3
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Secondary 326 25.1
University 13.1 2.0
Number of Visits to University Hospitals 2.1(1.6) 3.2(1.8)

(Annual Mean and SD)

Average Distance to University Hospital 22.4(13.2) 39.6 (21.4)
(km), Mean (SD)

Socioeconomic Region (%)

Greater Tunis 254 11.2
Northeast 15.1 9.8

Northwest 11.3 21.7
Center East 17.6 10.9
Center West 10.2 234
Southeast 129 12.8
Southwest 7.5 10.2

TABLE 1: Household Characteristics and Health Expenditure by Coverage Modality, Tunisia 2021 (N2021 = 21,600)

Notes: HH: Households, TD: Tunisian Dinars, OOPE: Out-of-pocket health expenditure; SD: standard deviation. Source: Author’s own
calculations based on data from Institut National de la Statistique (2021).

Results And Discussion

Key findings

Quantile regressions are estimated separately for CNAM and AMEN beneficiaries to allow the conditional distribution of
OOPE to differ across coverages schemes. A pooled model would impose slope homogeneity across groups and
potentially generate specification bias if the conditional quantile functions differ. Subsample estimation relaxes this
restriction but reduces effective sample size; therefore, inference relies on bootstrap standard errors obtained through
repeated resampling. The bootstrap provides robust variance estimates under heteroskedastic and non-normal error
structures and mitigates small-sample distortions associated with subsample estimation (Tables 3 and 4). Cross-coverage
Wald tests are then used to formally assess slope equality across schemes and quantiles (Table 4).

Table 2 presents the distribution of OOPE by coverage modality (CNAM vs. AMEN), together with statistical tests
comparing the two groups: CNAM vs. AMEN. The proportion of households reporting zero OOPE is significantly higher
among CNAM beneficiaries (21.5%) than among AMEN households (10.2%) (p = 0.012), indicating a larger share of
observations with no reported health spending among CNAM households. Average OOPE is substantially higher for
CNAM beneficiaries, reaching 1,150.8 TND compared with 650.6 TND among AMEN households (p = 0.018). When
restricting the comparison to households with positive expenditures, the difference remains pronounced, with

How to cite this article:
Arfa C (June 10, 2026) Rethinking Financial Protection Under Social Health Coverage in Tunisia: A Quantile Regression
Approach. Cureus J Bus Econ 3 : es44404-026-00116-x. DOI https://doi.org/10.7759/s44404-026-00116-x Page 8 of 27


javascript:void(0)
javascript:void(0)
javascript:void(0)

Rethinking Financial Protection Under Social Health Coverage in Tunisia: A Quantile Regression Approach

conditional means of 1,466 TND for CNAM and 724.5 TND for AMEN (p = 0.007). Median OOPE follows the same pattern
(880.1 TND for CNAM vs. 481.0 TND for AMEN; p = 0.004), indicating higher typical spending levels among CNAM
households. Differences between the two groups are also observed across the expenditure distribution. Differences
between the two groups are evident across the expenditure distribution. At the lower quartile (P25), CNAM households
incur significantly higher OOPE (460.1 TND) compared to AMEN households (240.0 TND) (p = 0.010). At the upper quartile
(P75), the difference remains sizeable but is only marginally significant (p = 0.053). In the upper tail of the distribution,
CNAM households continue to exhibit higher expenditures at P90 (2,361 TND vs. 1,421 TND; p = 0.044), suggesting that
high-cost health episodes are also more pronounced among CNAM beneficiaries.

The distribution of OOPE is strongly right-skewed for both coverage schemes, with skewness exceeding 2 and kurtosis
values above 8, indicating heavy-tailed distributions and the presence of extreme expenditure observations. Together
with the non-negligible share of zero expenditures reveal a semi-continuous and highly asymmetric distribution of
health spending. Such distributional properties motivate the use of quantile regression methods, including censored
quantile models, to capture heterogeneous effects across different segments of the OOPE distribution.
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CNAM AMEN Statistical Comparison (P-
Value; Test)

Sample characteristics

Sample size (N) 11,129 3,765 —

Zero OOPE (%) 21.5 10.2 0.012 (¢ test)

Mean (TND) 1,150.80 650.60 0.018 (t-test)

Mean conditional on 1,466.0 724.5 0.007 (t-test)
positive OOPE (TND)

Standard deviation (SD) 1,185.7 1,080.6 0.118 (Levene test)

Distribution quantiles (TND)

P25 460.20 240.40 0.010 (Mann-Whitney)
P50 (Median) 880.40 480.50 0.004 (Mann-Whitney)
P75 1,520.80 880.60 0.053 (Mann-Whitney)
P90 2,360.70 1,420.80 0.044 (Mann-Whitney)

Distribution shape
Skewness 2.21 2.88 —

Kurtosis 8.30 11.10 —

TABLE 2: Distribution of OOPE by Coverage Modality (CNAM vs. AMEN)

OOPE: Out-of-pocket health expenditure; TND: Tunisian National Dinars Source: Author’s own calculations based on data from
Institut National de la Statistique (Institut National de |a Statistique, 2021).

Table 3 presents the distributional determinants of OOPE separately for CNAM and AMEN beneficiaries. Across both
schemes, health-need factors, particularly chronic disease and disability, exert progressively stronger effects as moving
from the lower (t = 0.25) to the upper quantiles (t = 0.90) of the expenditure distribution. This pattern indicates that
health shocks disproportionately affect households in the upper tail of the OOPE distribution. For example, among CNAM
households, the presence of chronic disease increases OOPE by 180 TND at T = 0.25 but by 1,150 TND at t = 0.90. The
magnitude of the effect is even larger among AMEN beneficiaries, reaching 1,380 TND at the upper quantile. Disability
also exhibits a strong and increasing effect across quantiles in both schemes, reinforcing the role of complex health
needs in driving high levels of OOPE. Although the coefficients for elderly household members increase substantially at
higher quantiles, they are not statistically significant, suggesting that the impact of ageing on OOPE may operate
indirectly through chronic disease and disability rather than through age alone.
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Socioeconomic gradients are also evident. Illiteracy and lower levels of education are consistently associated with higher
OOPE, with effects intensifying at higher quantiles. Larger household size is also positively associated with OOPE,
reflecting the cumulative exposure of households to health spending risks. The negative coefficients observed for female-
headed households indicate lower absolute expenditure levels; however, this may reflect constrained utilization and
unmet need rather than stronger financial protection. Structural access factors further amplify upper-tail expenditure
risk. Distance to university hospitals is strongly associated with higher OOPE, with coefficients increasing sharply across
quantiles in both schemes. This suggests that geographic barriers and the need to access specialized care contribute to
higher financial burdens. The number of visits to university hospitals displays a similar increasing pattern across quantiles
and is particularly pronounced among AMEN beneficiaries, highlighting the role of tertiary care utilization in driving high
expenditure episodes among vulnerable populations. Regional disparities are also pronounced. Compared to Greater
Tunis, interior regions, particularly the Northwest and Center West, exhibit significantly higher OOPE levels, with stronger
effects observed among AMEN households. These findings point to persistent territorial inequalities in access to care and
financial protection.

The pseudo-R? increases across quantiles in both models, rising from 0.20 to 0.38 for CNAM beneficiaries and from 0.24 to
0.45 for AMEN beneficiaries. This pattern indicates that the explanatory variables more effectively capture the
determinants of higher levels of OOPE, where expenditures are more strongly driven by health needs and structural
access constraints.

Table 3 highlights substantial heterogeneity in financial protection across social health coverage schemes in Tunisia.
While both CNAM and AMEN provide some degree of risk pooling, AMEN households experience steeper expenditure
gradients in response to health shocks and geographic barriers. Vulnerable populations remain exposed to significant
financial risk, revealing a gap between nominal insurance coverage and effective financial protection, particularly at the
upper tail of the expenditure distribution, where catastrophic spending occurs.
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TABLE 3: Conditional Quantile Regression Estimates of OOPE by Coverage Modality

OOPE: Out-of-pocket expenditure; UH: University hospital; BSE: Bootstrap standard errors (1,000 replications). Models are
estimated separately for CNAM and AMEN with reference categories: no chronic disease, no disability, male head, secondary
education or higher, no elderly, no child <5, Greater Tunis. * p < 0.10, ** p < 0.05, *** p < 0.01. Source: Author’s own calculations
based on data from Institut National de la Statistique (Institut National de la Statistique, 2021).

Table 4 reports the CenQR estimates, which account for the semi-continuous distribution of OOPE, characterized by a
mass at zero and a right-skewed distribution of positive expenditures. Through the censoring process, the latent
specification separates the participation decision (incurring positive expenditure) from the intensity of spending.
Compared with the non-censored specification, coefficient magnitudes are slightly attenuated at the lower quantiles,
suggesting that part of the variation in OOPE is driven by the decision to incur any health expenditure. Nevertheless, the
overall structural patterns remain stable across insurance modalities.

Health-need factors remain the primary drivers of OOPE. For both CNAM and AMEN beneficiaries, chronic disease and
disability exhibit strong and increasingly large effects across quantiles, confirming that health shocks disproportionately
affect households in the upper tail of the expenditure distribution. Among CNAM households, chronic disease increases
latent OOPE by about 1,106 TND at T = 0.90, while the effect reaches 1,328 TND among AMEN households. Similarly, the
presence of a disabled household member generates substantial expenditure increases across quantiles in both schemes.
Although the coefficients associated with elderly household members rise sharply toward higher quantiles, they remain
statistically non-significant, suggesting that the financial burden associated with ageing operates primarily through
chronic disease and disability rather than age alone. The presence of young children shows a significant effect only for
CNAM households at higher quantiles, indicating additional spending pressure among insured households with young
dependents.
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Socioeconomic characteristics also contribute to expenditure heterogeneity. llliteracy and lower educational attainment
are associated with significantly higher OOPE across the distribution, particularly among AMEN beneficiaries, indicating
that educational disadvantage remains closely linked to financial vulnerability. Household size also exhibits a strong and
positive association with OOPE, reflecting the cumulative exposure of larger households to health spending risks.
Female-headed households show lower OOPE among CNAM beneficiaries, particularly at higher quantiles, which may
reflect constrained utilization or lower spending capacity rather than improved financial protection. In contrast, the effect
of female headship is not statistically significant among AMEN households.

Structural access constraints play a critical role in shaping expenditure risk. Distance to university hospitals has a strong
and increasing effect across quantiles in both insurance schemes, highlighting the importance of geographic barriers to
specialized care. The number of visits to university hospitals also shows increasing effects toward the upper quantiles,
particularly among AMEN beneficiaries where the effect remains strongly significant across the entire distribution. For
CNAM households, tertiary care utilization becomes statistically significant only at higher quantiles, suggesting that
intensive use of specialized care mainly drives high-cost episodes.

Regional disparities remain pronounced. Compared with Greater Tunis, several interior regions display higher OOPE
levels. Among CNAM households, the Center West consistently exhibits significantly higher expenditures across
quantiles, while the Center East, Southeast, and Southwest show increasing effects toward the upper quantiles. For AMEN
beneficiaries, the Northwest region displays particularly strong and statistically significant expenditure effects across all
quantiles, while Southeast and Southwest regions also show significant positive gradients.

The pseudo-R® values increase steadily across quantiles for both schemes, indicating that the explanatory variables
account for a larger share of variation in higher expenditure levels where catastrophic spending is concentrated. The
increase is particularly marked for AMEN households, suggesting that structural factors such as health needs and
geographic access constraints play a stronger role in shaping high expenditure outcomes among socially vulnerable
populations. The CenQR confirms that structural heterogeneity in OOPE persists even after accounting for zero
expenditures. While both insurance schemes provide some degree of financial protection, AMEN households experience
steeper expenditure gradients in response to health needs and geographic barriers. These results highlight the persistent
gap between nominal coverage and effective financial protection, particularly in the upper tail of the OOPE distribution
where catastrophic financial risk occurs.
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TABLE 4: Censored Quantile Regression Estimates - Latent Structural Model

OOPE: Out-of-pocket expenditure; UH: University hospital; TD: Tunisian Dinar; BSE: Bootstrap standard errors (1,000 replications).
Models are estimated separately for CNAM and AMEN beneficiaries using censored quantile regression (CenQR), accounting for
the semi-continuous nature of OOPE with a mass at zero. Reference categories: households without chronic disease or disability,
male household head, secondary education or higher, no elderly member (>60 years), no child under five years, and residence in
Greater Tunis. Coefficients represent marginal effects on the latent (uncensored) OOPE at each quantile (1). p < 0.10, ** p < 0.05, ***
p < 0.01; ns = not significant. Source: Author’s own calculations based on data from Institut National de la Statistique (Institut
National de la Statistique, 2021).

The Wald tests of cross-insurance slope equality (null hypothesis: Hy : ﬁfNAM = BfMEN) provide evidence on whether
the determinants of OOPE differ between insurance modalities across the expenditure distribution (Table 5). The results
reveal structural heterogeneity between CNAM and AMEN households, and the magnitude of these differences increases
across quantiles. This pattern indicates that while the determinants of lower levels of OOPE are relatively similar across
coverage schemes, the divergence becomes progressively stronger toward the upper tail of the OOPE distribution, where
high-cost episodes and catastrophic expenditure risks are concentrated.

Health-need variables show partial but increasing cross-coverage divergence. The effect of chronic disease differs
significantly between schemes across all quantiles and becomes stronger at higher quantiles, suggesting that the
financial consequences of chronic conditions are more pronounced among AMEN beneficiaries than among CNAM
households. Disability shows weaker divergence at lower quantiles but becomes statistically significant at higher
quantiles. In contrast, the effects associated with elderly household members and the presence of young children do not
differ significantly between coverage schemes, indicating that the impact of these demographic characteristics on OOPE
is broadly similar across coverage modalities.

Socioeconomic gradients also display heterogeneous effects across coverage schemes. llliteracy exhibits significant
cross-coverage differences at all quantiles, with the divergence increasing toward the upper tail, highlighting the
stronger financial vulnerability associated with low educational attainment among AMEN households. Primary education
and household size show more moderate but still statistically significant differences at higher quantiles. In contrast, the
effect of female headship does not differ significantly between schemes, suggesting that gender-related spending
patterns are relatively similar across coverage modalities.

Access-to-care variables display some of the most pronounced cross-coverage differences. Distance to university
hospitals exhibits strongly significant differences across all quantiles, with the Wald statistics increasing markedly toward
the upper tail. This indicates that geographic barriers to tertiary care generate substantially different financial
consequences for CNAM and AMEN households. The number of visits to university hospitals also shows increasing cross-
scheme divergence across quantiles, suggesting that reliance on tertiary services contributes more strongly to
expenditure escalation among AMEN beneficiaries.

How to cite this article:
Arfa C (June 10, 2026) Rethinking Financial Protection Under Social Health Coverage in Tunisia: A Quantile Regression
Approach. Cureus J Bus Econ 3 : es44404-026-00116-x. DOI https://doi.org/10.7759/s44404-026-00116-x Page 18 of 27


javascript:void(0)
javascript:void(0)
javascript:void(0)

Rethinking Financial Protection Under Social Health Coverage in Tunisia: A Quantile Regression Approach

Regional disparities further reinforce the presence of structural heterogeneity. Significant cross-coverage differences are
observed for several interior regions, particularly the Northwest, Southeast, and Southwest, with the magnitude of
divergence increasing toward higher quantiles. In contrast, the Northeast and Center East regions do not display
statistically significant slope differences between coverage schemes. The Center West region exhibits only weak or
marginal divergence at higher quantiles.

The joint Wald tests strongly reject the null hypothesis of slope equality across all quantiles, confirming that the OOPE-
generating process differs structurally between CNAM and AMEN households. Importantly, the strength of the joint test
increases steadily from the lower to the upper quantiles, indicating that the structural differences between coverage
modalities become more pronounced precisely in the segment of the distribution where financial risk is greatest.

Walid tests results indicate that while both coverage schemes operate within the same health system, the mechanisms
linking health needs, socioeconomic vulnerability, and geographic access to financial burden differ substantially across
coverage modalities. These differences are particularly evident in the upper tail of the OOPE distribution, where high-cost
health events occur and where the gap between nominal coverage and effective financial protection becomes most
apparent.
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1=0.25 1=0.50 1=0.75 1=0.90
Health Need Factors
Chronic disease 4.82 (0.028)* 6.35(0.012) 7.90 (0.005) 9.88 (0.002)
Disabled member 3.10(0.078) 4.42 (0.036) 5.96 (0.015) 6.84 (0.009)
Elderly (>60) 1.05 (0.305) 1.40 (0.236) 1.82(0.177) 2.15(0.143)
Child <5 1.10 (0.294) 1.55(0.213) 2.05(0.152) 2.60(0.107)

Socioeconomic Characteristics

Female head 0.92 (0.337) 1.10 (0.295) 1.32(0.250) 1.56 (0.212)
llliterate head 5.70(0.017) 7.48 (0.006) 8.92(0.003) 11.40 (0.001)
Primary education 2.40(0.121) 3.15(0.076) 3.88 (0.049) 4.76 (0.029)
Household size 2.85(0.091) 3.92(0.048) 4.70 (0.030) 5.55(0.018)

Access to Care

Distance to UH 6.20 (0.013) 8.10 (0.004) 10.40 (0.001) 13.80 (<0.001)

Visits to UH 2.95 (0.086) 4.05 (0.044) 5.50(0.019) 6.75 (0.009)

Regional Effects

Northeast 1.40 (0.237) 1.75(0.186) 2.10(0.147) 2.55(0.110)
Northwest 5.40 (0.020) 7.60 (0.006) 9.75 (0.002) 12.60 (<0.001)
Center East 1.95(0.162) 2.40(0.121) 2.85(0.091) 3.25(0.071)
Center West 2.10(0.147) 2.75(0.097) 3.40 (0.065) 4.05 (0.044)
Southeast 4.10(0.043) 6.30(0.012) 8.40 (0.004) 10.75 (0.001)
Southwest 4.85(0.028) 7.10 (0.008) 9.20 (0.002) 11.90 (<0.001)

Joint test (All slopes)  x*(16) = 38.7 (0.002) X2(16) = 52.4 (<0.001)  x*(16) =66.8 (<0.001)  x*(16) = 84.9 (<0.001)

TABLE 5: Cross-Coverage Wald Tests of Slope Equality

*Values in parentheses are p-values associated with Wald statistics. Bootstrap variance was used for inference. Source: Author’s
own calculations based on data from Institut National de la Statistique (Institut National de la Statistique, 2021).
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Table 6 summarizes the bootstrap inference diagnostics and overall model performance for the quantile regression
estimates. The results indicate that standard errors stabilised at 1,000 replications for the central and lower quantiles. For
the upper quantile (t = 0.90), where observations are relatively sparse, additional replications were examined to verify
robustness. No substantial changes in standard errors were observed beyond 1,000 iterations, which indicate that the
chosen number of bootstrap replications is sufficient to ensure stable and reliable inference across all quantiles.
Bootstrap standard errors are larger than the analytical standard errors for both coverage schemes. This pattern indicates
that conventional asymptotic variance estimates may underestimate the true sampling variability of the coefficients,
particularly in the presence of heteroskedasticity, skewed expenditure distributions, and potential model
misspecification. The use of bootstrap-based inference therefore provides more reliable statistical inference within the
quantile regression framework. The proportion of statistically significant coefficients increases markedly at the upper
quantile (1= 0.90), reaching 78% for CNAM and 89% for AMEN beneficiaries. This pattern reflects the fact that explanatory
variables exert stronger effects in the upper tail of the OOPE distribution, where high-cost health episodes occur and
where catastrophic expenditure risk is concentrated. The results therefore confirm the importance of modelling the full
conditional distribution of health expenditures rather than relying solely on mean-based approaches. Diagnostic tests
also indicate strong model stability. No quantile crossing is detected across the estimated conditional quantiles,
confirming the internal consistency and monotonic ordering of the estimated quantile process. This supports the
robustness of the model specification and the validity of the estimated distributional effects.

The pseudo-R? values increase steadily across quantiles for both insurance schemes, rising from 0.20 to 0.38 for CNAM
and from 0.24 to 0.45 for AMEN. This progression indicates that the explanatory variables account for a larger share of
variation in higher expenditure levels, where health shocks, socioeconomic vulnerability, and geographic access
constraints exert stronger influence. The more pronounced increase in pseudo-R* among AMEN beneficiaries suggests
that structural determinants play a particularly important role in shaping extreme OOPE outcomes among socially
vulnerable households.
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CNAM AMEN

Bootstrap replications 1,000 1,000
Mean bootstrap SE 86.4 112.7
Median bootstrap SE 74.2 98.5
% Significant at 5% (t = 0.90) 78% 89%
Quantile crossing detected? No No
Pseudo-R? (= 0.25) 0.20 0.24
Pseudo-R? (t = 0.50) 0.26 0.31
Pseudo-R* (t=0.75) 0.32 0.38
Pseudo-R? (1 = 0.90) 0.38 0.45
Mean analytical SE 71.5 90.3
Mean bootstrap SE 86.4 112.7
% Difference (Bootstrap vs. Analytical) +20.8 +24.8

TABLE 6: Bootstrap Inference and Model Diagnostics

Source: Author’s own calculations based on data from Institut National de la Statistique (Institut National de la Statistique, 2021).

Discussion

This study provides new evidence on the determinants of OOPE within Tunisia’s social health coverage system by
examining how financial exposure varies across the expenditure distribution and between coverage schemes. The
findings indicate that financial protection remains uneven despite the expansion of social health coverage. Structural
factors, particularly health needs, socioeconomic vulnerability, and geographic access constraints, play a decisive role in
shaping household financial risk, especially in the upper tail of the expenditure distribution where catastrophic spending
occurs.

Health needs emerge as the most important determinant of financial exposure. Chronic disease and disability
significantly increase the likelihood of high OOPE, particularly at higher expenditure quantiles. This pattern reflects the
growing financial implications of the epidemiological transition toward noncommunicable diseases (NCDs), which
increasingly dominate the disease burden in Tunisia (Rejaibi et al., 2022) and across the EMR countries (Igbal et al., 2024).
Similar findings have been documented in multiple middle-income countries, where households affected by chronic
diseases experience significantly higher risks of CHE despite the presence of social health insurance systems (Chowdhury
et al., 2025). In Tunisia, previous studies have also highlighted the increasing financial burden associated with chronic
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diseases and long-term treatment needs (Abu-Zaineh et al., 2013) and (Ismail and Arfa, 2022). The persistence of this
relationship suggests that existing coverage arrangements do not fully protect households from the costs associated
with long-term care, medicines, and repeated medical consultations.

Socioeconomic inequalities remain another important source of financial vulnerability. Lower levels of education and
larger household size are associated with higher OOPE, particularly among beneficiaries of the AMEN program. These
results are consistent with international evidence showing that poorer households remain disproportionately exposed to
healthcare costs even in systems where publicly funded coverage schemes exist (Bhatia et al.,, 2022). Similar patterns have
been observed in Morocco (Hassani et al., 2025), Egypt (Rashad and Sharaf, 2015), and Tunisia (Ismail and Arfa, 2022),
where publicly subsidized coverage programs have improved access to care but have not fully eliminated the financial
burden associated with medicines, diagnostics, and specialized services. In Tunisia, socioeconomic disparities in
healthcare utilization and financial exposure have also been documented in national health surveys and studies
examining equity in access to care.

Geographic disparities in healthcare provision represent another structural determinant of financial exposure. The
association between distance to tertiary hospitals and higher OOPE highlights the role of territorial inequalities in
shaping financial protection outcomes. Tunisia’s health system is characterized by a concentration of specialized services
in urban areas, particularly in the coastal regions (Arfa and Achouri, 2008). This spatial imbalance forces households living
in interior regions to incur additional travel and service costs when seeking specialized care. Evidence from North African
health systems suggests that such territorial inequalities often translate into higher household expenditures and delayed
access to treatment (Katoue et al., 2022). These structural imbalances should be addressed to improve both financial
protection and equitable access to care.

The comparison between CNAM and AMEN beneficiaries further illustrates the difference between nominal coverage and
effective financial protection. Although both schemes are designed to provide financial risk pooling, the results indicate
that AMEN beneficiaries remain more exposed to high expenditure episodes, particularly in response to chronic illness
and geographic barriers to care. Similar segmentation effects have been documented in several countries where
contributory and subsidized coverage schemes coexist. Evidence from Iran (Doshmangir et al., 2021), Indonesia (Shrestha,
2021), and Turkey (Tirgil et al., 2019) and Thailand (Tangcharoensathien et al., 2019) suggests that targeted social
assistance programs often expand coverage among vulnerable populations but may offer shallower financial protection
due to limitations in benefit packages or service availability. These experiences highlight the broader challenge of
ensuring that coverage expansion translates into effective protection against financial hardship.

The findings have important implications for health policy in Tunisia. First, strengthening financial protection for chronic
disease management should represent a central priority. Expanding access to essential medicines, diagnostic services,
and outpatient care for NCDs could significantly reduce the concentration of OOPE in the upper tail of the expenditure
distribution. International experience shows that strong primary healthcare systems and integrated chronic disease
management programs play a crucial role in improving the financial protection (Erlangga et al., 2019). Second, improving
territorial equity in healthcare provision is essential. Expanding the availability of specialized in underserved regions,
strengthening referral systems, and developing telemedicine or decentralized diagnostic services could help reduce the
financial burden associated with centralized tertiary care (Cao et al., 2025). Such reforms are particularly important in
countries where regional disparities in healthcare infrastructure contribute to unequal access to treatment. Third,
strengthening the financial protection mechanisms of the AMEN program should be considered a priority. Although the
program plays a critical role in expanding coverage for vulnerable populations, the results suggest that its ability to
protect beneficiaries from high-cost health events remains limited. Policy options could include expanding the depth of
coverage for specialized care, strengthening reimbursement mechanisms, or introducing explicit protection against CHE.

Fourth, the study highlights the importance of distribution-sensitive approaches in evaluating health financing policies.
Traditional mean-based indicators may underestimate the financial risks faced by households experiencing severe health
shocks. Quantile-based methods provide a more comprehensive understanding of how financial protection mechanisms
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operate across different segments of the expenditure distribution and are therefore particularly useful for identifying
vulnerabilities associated with catastrophic health spending.

Tunisia has an advanced system of social health coverage; however, the effective financial protection remains only
partially fulfilled. For a long time, the expansion of coverage has been viewed mainly as a technical achievement rather
than as a social contract intended to shield households from the silent diseases-related financial hardship. An integrated
reforms that combine unification of risk pooling CNAM and AMEN and geographic healthcare access improvement. The
unified pooling could be supported by designing an essential benefits package that strengthen primary health care and
access to essential medicines, while the Ministry of Health ensures a more balanced distribution of health infrastructure
and workforce across regions. Such reforms are essential for translating progress toward UHC into real reductions in
household financial hardship.

Limitations and future research

The study is subject to limitations. First, the cross-sectional design constrains causal inference and may introduce
selection bias when comparing CNAM and AMEN households, as these groups differ structurally. Future research should
therefore rely on longitudinal or panel data and apply causal inference methods (e.g., instrumental variables) to better
identify cause-effect relationships and reduce selection bias. Second, while censored quantile regression effectively
captures distributional heterogeneity, it does not explicitly model the joint decision-making process underlying
healthcare utilization and expenditure intensity. Further work could address this limitation by employing two-part,
hurdle, or structural models to jointly analyze access to care and spending behavior. Finally, the measurement of OOPE is
based on self-reported survey data, which may be affected by recall bias and reporting errors. Future studies should aim
to integrate administrative data sources or improved survey instruments to enhance the accuracy and reliability of
expenditure estimates.

Conclusions

This study shows that OOPE within Tunisia’s social health coverage system is highly heterogeneous across the
expenditure distribution and between coverage schemes. Chronic disease and disability are the main drivers of high
OOPE, with stronger effects in the upper tail where catastrophic spending risk is concentrated. Socioeconomic
disadvantage and geographic barriers further increase financial vulnerability, particularly through low education levels,
larger household size, distance to tertiary hospitals, and reliance on specialized care.

The comparison between CNAM and AMEN highlights a clear gap between nominal coverage and effective financial
protection. Although both schemes provide risk pooling, AMEN households remain more exposed to severe health
shocks and access-related constraints, particularly at higher expenditure levels. These findings suggest that expanding
coverage alone is insufficient. Unifying risk pooling between CNAM and AMEN could strengthen risk equalization and
expand financial resources. Combined with the development of an essential benefits package and a more balanced
distribution of health workforce and infrastructure, such reforms could improve access to primary care and essential
medicines, enhance geographic equity in healthcare provision, and ultimately translate the expansion of social coverage
into more effective financial protection.
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