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Abstract 

Background:  

Trauma and injury present a significant global burden – one that is only exacerbated in 

low- and middle-income settings like Tanzania. We aimed to describe the landscape of 

emergency care and financial catastrophe in the Kilimanjaro region by leveraging the 

Three Delays Model. 

 

Methods:  

This was a cross-sectional study using an ongoing traumatic injury registry as well as 

separate financial questionnaires collected by researchers from the Duke Global Health 

Institute at Duke University in collaboration with the Kilimanjaro Christian Medical 

Centre (KCMC) in Moshi, Tanzania from December 2022 until February 2023. 

 

Results:  

The majority of the acute injury population that presented to the KCMC emergency 

department underwent some form of financial catastrophe due to the out-of-pocket (OOP) 

costs incurred due to their medical needs (catastrophic health expenditure (CHE): 66.1%; 

impoverishment: 85.5%). The households of those who experienced a financial 

catastrophe tended to include a greater number of dependents (CHE, 22% and 

impoverishment, 21% with ≥6 dependents) and a lower average monthly adult-equivalent 

income (CHE: 76,923 TZS; impoverishment: 96,774 TZS). Individuals who underwent a 

financial catastrophe also experienced a greater number of facility transfers as well as 
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more transfers with later surgery. At the end of an individual’s hospital stay, those who 

experienced financial catastrophe incurred substantially more medical expenses. Those 

who experienced a CHE had OOP costs that were 3.4 times higher than those without; 

those who were impoverished had OOP costs that were 1.96 times higher than those who 

did not. 

 

Conclusions:  

Delay 1 (decision to seek care) and Delay 2 (reaching appropriate care facility) could be 

significant factors for those who will later experience some form of financial catastrophe. 

Further research is needed to better assess potential impacts on patient health outcomes 

and develop targeted intervention strategies for those most at-risk.  
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1. Introduction  

Trauma and injuries account for more deaths on a global scale annually than 

tuberculosis, malaria, and HIV/AIDS combined.1 This translates to a global death toll of 

more than 5 million people with nearly a billion more sustaining non-fatal injuries that 

require medical care.1 Of this global burden, low and middle-income countries (LMICs) 

collectively account for 90% of all injury deaths – a severely disproportionate share.1 

This burden is frequently exacerbated by inaccessible, expensive, or subpar healthcare 

facilities and services.2 

While no healthcare system will succeed in preventing all injury deaths, it is 

known that survival rates in LMICs are lower than those in high-income countries (HICs) 

in the wake of similar injuries – in Africa, disability-adjusted life years (DALYs) 

following an injury are 1.4 times higher than the global average.2–4 Prognosis is poorer 

post-injury in LMICs frequently due to late hospital presentation and scarce diagnostic 

imaging among other delays to care.2 If this disparity were reduced, around one-third of 

the trauma deaths that occur around the world annually could be avoided.3,4 One indicator 

leveraged by the World Health Organization (WHO) to describe care-seeking disparities 

and barriers to care is catastrophic health expenditure.5,6  

A catastrophic health expenditure (CHE) is defined as an out-of-pocket (OOP) 

payment that exceeds a given proportion of total household expenditure at which point 

the household has to sacrifice basic needs, sell assets, and/or take on debts.7 Frequently, 

incurring a CHE is just another step in a vicious cycle of poverty for those who choose to 

seek healthcare and can lead to further illnesses and injuries as individuals can no longer 

afford future OOP costs.8 As a result, the United Nations have prioritized reducing CHE 
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incidence as a critical step in developing healthcare systems to prioritize universal health 

coverage and human development.8,9 

At the foot of Mount Kilimanjaro and a frequent site for tourists, Moshi, Tanzania 

has minimal government regulation as well as rising injury rates stemming from a steady 

increase in road traffic collisions amongst other sources.10 For one of the largest zonal 

referral hospitals in the Kilimanjaro region, Kilimanjaro Christian Medical Center, 

previous studies have shown that improper recognition of injury severity in prehospital 

and hospital transfer systems might contribute to delays in care.11 Despite the knowledge 

of this regional upward trend in and potential presence of significant barriers to care, 

there is a lack of in-depth investigation regarding how and why those injury patients are 

accessing the emergency medical system, if at all. To better understand the landscape of 

emergency care in the Kilimanjaro region, there is evidence and precedent that supports 

leveraging a pre-existing framework to frame potential findings.12,13  

The Three Delays model is one way of framing the barriers and facilitators that 

drive delays to care.14 While originally designed as a method for framing adverse 

outcomes leading to maternal mortality in LMICs, the Three Delays model is equally as 

applicable to injury-related delays due to the shared acute, time-critical nature of the two 

dispositions.14–16 Timely, affordable, and high-quality care is essential in order to 

improve patient outcomes and decrease mortality – such care is facilitated by reducing 

each and every delay in the Three Delays model.17 These delays in an individual’s path to 
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reach definitive care are categorized in three sections – 1) delays in the decision to seek 

care; 2) delays in reaching care; and 3) delays in receiving care (Figure 1).14  

Focusing in on the first delay – the decision to seek care – numerous factors can 

influence a patient’s decision to seek care such as sociocultural influences on patient 

agency or perceived lack of severity of illness or symptoms.17 This first delay extends to 

financial considerations, with many individuals delaying their decision to seek care due 

to potential costs, even when insured.18 In terms of the second delay – reaching a 

healthcare facility – lengthier delays in reaching medical facilities has been associated 

with a higher odds of mortality in outpatient health centers.19 Other barriers, such as 

distance to a healthcare facility or potential costs of transportation, also factor into this 

second delay.17 The third delay – receiving appropriate care – can be affected by factors 

ranging from a staff and equipment shortages to inequitable patient prioritization based 

on extraneous social connections to physicians.17 At each of these points along a patient’s 

path to care, there is also the potential for facilitating factors which ease a patient’s ability 

to seek, reach, and receive care such as reduced OOP expenses or well-developed 

prehospital care system.  

We conducted a cross-sectional study of acute injury patients to examine the 

barriers and facilitators to emergency care in the Kilimanjaro region of Tanzania. Our 

study engaged a population of patients in the emergency department to lay the foundation 

Figure 1: The Three Delays Model 
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for future solutions that facilitate and increase access to care. Our study based in the 

emergency department of Kilimanjaro Christian Medical Centre aimed to 1) assess the 

factors associated with catastrophic health expenditures related to emergency care 

seeking behaviors and 2) populate the structure of the Three Delays Model for acute 

injury patients who access emergency care. We used a patient-centered, triangulation 

mixed-methods approach to better understand the barriers and facilitators to seeking, 

reaching, and receiving care in the Kilimanjaro region. 
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2. Methods 

This was a cross-sectional study that utilized primary data from two main sources: 

an on-going, prospective Trauma Registry and a combined health needs and financial status 

assessment. Both were collected by researchers from the Duke Global Health Institute 

(DGHI) at Duke University in collaboration with the Kilimanjaro Christian Medical Centre 

(KCMC) between the months December 2021 and February 2022 in Moshi, Tanzania.  

2.1 Setting 

KCMC is a zonal referral hospital located in Moshi, Tanzania with a catchment 

area that encompasses Tanzania’s Kilimanjaro region located in the northern part of the 

country. KCMC serves an estimated 15 million people. KCMC’s Emergency Medical 

Department (EMD) sees approximately 24,000 patients annually, with around 2,000 of 

those patients complaining of some sort of injury. Since 2012, a local registry of 

traumatic injury patients that collects demographics, injury data, and other patient 

characteristics has been ongoing at KCMC’s EMD. 

2.2 Study Design 

The quantitative arm involved a representative cross-sectional sample leveraging 

the traumatic injury registry; this was a convenience sample wherein every patient that 

presents to KCMC’s EMD was screened for eligibility and then approached for potential 

enrollment if eligible. A representative cross-sectional sample of those patients enrolled 

in the quantitative arm of the study were also approached for in-depth interviews to add 

dimension and further context to the descriptive analysis.  

The qualitative sample was initially formed as a randomized sub-sample of those 

in the quantitative arm and then that random sample was supplemented with purposive 
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sampling in order to increase the representativeness of the qualitative sample. 

Characteristics considered in the purposive sampling scheme included age, sex, and 

insurance status. Cross-sectional samples were chosen for each arm of the study in order 

to perform an exploratory descriptive analysis of catastrophic health expenditure, 

sociodemographic factors, and injury/treatment characteristics that are seen in tandem 

with delays to care.  

 

2.3 Data Collection 

We enrolled patients who sought care at KCMC’s EMD. To be included in the 

study, patients had to be ≥18 years of age, seeking care for an acute injury (defined as 

presentation to the EMD within 24 hours of the injury), and able to have a conversation 

with research personnel or having a proxy who was willing to have that conversation on 

behalf of the patient if they were too injured. Patients who were unable to consent due to 

complications from their injury upon arrival to the EMD yet had a Legal Authorized 

Representative (LAR) available who could provide informed consent were still included 

in the study. These patients who were deemed incapacitated upon arrival by the treating 

physician and were enrolled by their LAR were re-consented when they regained their 

ability to consent. Exclusion criteria included patient or family refusal, patients 

complaining of an injury that occurred outside of the 24-hour window, patients who were 

incapacitated yet without a LAR, and patients who were younger than 18 years old.  

Ethical approval was obtained by the Kilimanjaro Christian Medical University 

College Ethics Review Board, the Tanzanian National Institute of Medical Research, and 

the Duke University Institutional Review Board. All study participants provided 

informed consent per the guidelines of these ethics governing bodies. 
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Quantitative data collection included the traumatic injury registry and a financial 

questionnaire useful for understanding catastrophic expenditure. Patients who arrived to 

the EMD outside of data collection periods were enrolled the following day if the patient 

was still in the hospital. If the patient had been discharged during that time frame, that 

patient was not included in the study. Data was recorded on tablets using REDCap and 

data quality review was undertaken by the research coordinator (RC) and lead student 

investigator.20 Data quality and completeness was ensured by the full-time research 

coordinator who undertook observations of patient care, assisted clinical staff with 

gathering vital signs, and obtained additional data from the medical records. This RC had 

extensive prior research experience with an additional week of data collection training on 

this study’s survey tools; the RC met weekly with the student lead and other team 

members to address any challenges in data collection and/or quality. 

Qualitative data collection included in-depth interviews (IDIs) with semi-

structured interview guides. This format allowed the interviewer to probe and follow-up 

with additional questions for patients in order to increase clarity. The interview guide was 

adapted from a previous study conducted through KCMC and covered the themes of the 

Three Delays model (delays in seeking, accessing, and receiving care) as well as patient 

perceptions of the barriers and facilitators to their journey to the KCMC EMD. The guide 

was originally developed via the work of a team of KCMC and Duke emergency 

physicians and was iteratively adapted over the course of the previous study. This guide 

was developed in English, translated into Swahili, and then back translated to check the 

validity. 
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2.4 Out of pocket costs 

To calculate the out-of-pocket (OOP) costs for each participant, we used a micro-

costing approach. Total health expenditure was calculated using a conversion rate of  1 

USD per 2,339 Tanzanian shillings (TZS). Each patient’s OOP costs were comprised of 

the following elements: consultation fees with specialists/generalists, procedural costs for 

surgical/medical interventions, radiology and imaging fees, admission costs based on 

length of stay and acuity of care (ICU vs. general wards), consumable products such as 

saline or blood, and death expenses. The per-item costs used were obtained from KCMC 

administration and were up to date as of February 2023 (Appendix A). 

For consultation fees, costs were assessed based on the number of 

specialists/generalists involved in a patient’s care. Every patient saw at least one 

specialist – the emergency physician. Further specialist consults included surgery, 

cardiology, psychiatry, and urology. Generalists included dentists and primary care 

physicians. Physical/occupational therapy consultation was assessed at a separate cost. 

In terms of procedural costs, a subset of interventions was considered that were 

particularly relevant to emergent care. Non-surgical procedures included intubation, 

nasopharyngeal airway placement, oxygen therapy, fluid administration, and blood 

transfusion. Surgical procedures ranged from surgical debridement with external fixation 

to tracheostomy; only procedural costs were included due to limited information.  

Imaging procedures included X-Rays, computerized tomography (CT) scans, 

magnetic resonance imaging (MRI), and ultrasound scans (USSs). For X-rays and CT 

scans, information was available as to the type performed. However, for MRIs and USSs, 

specific type data was unavailable so the average cost for each imaging type was 
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substituted. If sidedness was unknown for any imaging type, the average of the cost of 

bilateral and unilateral scans was used.  

To calculate cost of stay, the length of stay at each level of care acuity (Intensive 

Care Unit [ICU] vs.  general ward) was used. The most basic level of accommodation on 

the shared wards was used to calculate costs as opposed to private room costs. 

Information about a participant’s Sub-Acute Intensive Care Unit (SubICU) admission – a 

ward which provides more acute care than the general ward yet less intense care than the 

ICU – was available, yet specific costs differentiating the SubICU from the ICU were not 

available, so a general ward accommodation cost was used for those periods of time. 

For individuals who died during admission, we considered a death certificate, 

corpse transportation from the wards to the morgue, and a body bag among the included 

expenses. Rates for Tanzanian citizens were used for all procedures as these were the 

least expensive and most useful among our sample population.  

2.5 Catastrophic health expenditure 

 Catastrophic expenditure was calculated three different ways: 1) OOP costs 

exceeding 10% of a household’s annual total expenditure (TE), 2) OOP costs exceeding 

25% of a household’s annual TE, and 3) OOP costs exceeding 40% of an individual’s 

capacity to pay for healthcare (non-subsistence expenditure, NSE). TE included monetary 

expenditures on all non-durable goods/services as well as the value use of durable goods 

and housing.21 NSE was calculated as annual TE minus a standard amount to cover basic 

needs.22 This standard amount (subsistence expenditure) was quantified as the average 

amount spent on food by those households within the 45th-55th percentiles of household 

consumption.22  
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2.6 Impoverishment 

 Impoverishment was calculated by subtracting patient cost from annual household 

income and then dividing by adjusted household size. Household size was adjusted using 

the OECD-modified equivalence scale to find per adult-equivalent income.23 This value 

was then compared to three separate poverty thresholds: the Tanzanian national poverty 

line (49,320 TZS per month), the WHO extreme poverty line ($1.90 USD per person per 

day), and the WHO poverty line ($3.20 USD per person per day).24 If the value fell below 

a given poverty threshold, the individual was considered as having experienced an 

impoverishing expense. 

2.6 Data Analysis 

Participants were stratified by both CHE and impoverishment status for 

descriptive analysis. Various factors were considered across the groups including 

sociodemographic, injury, and household characteristics. To further visualize barriers and 

facilitators to care, the Three Delays Model was populated again stratifying by CHE and 

impoverishment status. 

3. Results 

3.1 Overall 

 During a 2.5-month time period (December 2022 to February 2023), a total of 62 

individuals who presented to KCMC’s EMD were included in the final sample. These 

individuals mostly consisted of males (84%) between the ages of 25-44; this reflects 

existing literature for the Kilimanjaro region (Table 1).25 Individuals most commonly 

lived in Moshi Rural (58%) followed by regions outside of Moshi (37%) and Moshi 

Urban (4.8%). Participants equally employed in farming and skilled occupations (32% 
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each). Road traffic injuries were the most common mechanism of injury (71%), which is 

consistent with previous findings.25 Nearly all individuals required hospitalization for 

their injuries (98%) with a median hospital admission length of six days. There were very 

few in-hospital deaths observed (3.2%) and the majority of individuals were uninsured 

(94%). The average monthly household income was 250,000 TZS or $107 USD while the 

average OOP cost was 489,293 TZS or $163 USD. 

3.2 Catastrophic Health Expenditure 

Out of the total population, 66.1% (n = 41) of individuals experienced some form 

of CHE. This included 62.9% (n = 39) with OOP costs ≥10% of their TE, 29% (n = 18) 

with OOP costs ≥25% of their TE, and 12.9% (n = 8) with OOP costs ≥40% of NSE 

(Table 1). Individuals who experienced a CHE were mostly farmers (39% - 61%) and 

tended to have larger household sizes and numbers of dependents than those without a 

CHE – 22% of households with any CHE had greater than six dependents compared to 

only 10% of non-CHE households (Figure 2). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 2: Household characteristics stratified by level of catastrophic health expenditure. 
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Table 1: Demographic characteristics stratified by level of catastrophic expenditure. 

Characteristic Entire 

Population (N = 

62) 

No CHE (n 

= 21)  

LEVELS OF CATASTROPHIC HEALTH EXPENDITURE (CHE) 

Any indication of 

CHE (n = 41) 

 OOP ≥10% of 

TE (n = 39) 

 OOP ≥25% of 

TE (n = 18) 

 OOP 

≥40% of 

NSE (n 

= 8) 

Percent of 

total 

population 

100 (62/62) 33.9 

(21/62) 

66.1 (41/62) 62.9 (39/62) 29 (18/62) 12.9 

(8/62) 

Age                         
median (IQR) 

32 (25, 44) 30 (25, 46) 33 (24, 42) 34 (24, 43) 38 (27, 55) 25 (22, 

26) 

Sex 

Male 84 (52) 81 (17) 85 (35) 85 (33) 72 (13) 100 (8) 

Female 16 (10) 19 (4) 15 (6) 15 (6) 28 (5) 0 (0) 

Years of education 

0-4 years 4.8 (3) 4.8 (1) 4.9 (2) 5.1 (2) 11 (2) 0 (0) 

5-10 years 56 (35) 52 (11) 59 (24) 62 (24) 72 (13) 50 (4) 

11-15 years 32 (20) 29 (6) 34 (14) 31 (12) 17 (3) 50 (4) 

16+ years 3.2 (2) 4.8 (1) 2.4 (1) 2.6 (1) 0 (0) 0 (0) 

Unknown 3.2 (2) 9.5 (2) 0 (0) 0 (0) 0 (0) 0 (0) 

Region of residence 

Moshi Urban 4.8 (3) 9.5 (2) 2.4 (1) 2.6 (1) 0 (0) 12 (1) 

Moshi Rural 58 (36) 62 (13) 56 (23) 54 (21) 56 (10) 62 (5) 

Other 37 (23) 29 (6) 41 (17) 44 (17) 44 (8) 25 (2) 

Marital status 

Single 37 (23) 33 (7) 39 (16) 36 (14) 28 (5) 62 (5) 
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Married 47 (29) 43 (9) 49 (20) 51 (20) 56 (10) 25 (2) 

Partner (Not 

Married) 

1.6 (1) 4.8 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

Widowed 4.8 (3) 4.8 (1) 4.9 (2) 5.1 (2) 11 (2) 0 (0) 

Separated 9.7 (6) 14 (3) 7.3 (3) 7.7 (3) 5.6 (1) 12 (1) 

Occupation 

Farmer 32 (20) 19 (4) 39 (16) 41 (16) 61 (11) 12 (1) 

Professional 8.1 (5) 4.8 (1) 9.8 (4) 7.7 (3) 0 (0) 12 (1) 

Self-Employed 23 (14) 38 (8) 15 (6) 13 (5) 17 (3) 25 (2) 

Skilled 

Employment 

32 (20) 33 (7) 32 (13) 33 (13) 17 (3) 38 (3) 

Student 4.8 (3) 4.8 (1) 4.9 (2) 5.1 (2) 5.6 (1) 12 (1) 

Characteristic Entire 

Population (N = 

62) 

No CHE (n 

= 21) 

Any indication of 

CHE (n = 41) 

 OOP ≥10% of 

TE (n = 39) 

 OOP ≥25% of 

TE (n = 18) 

 OOP 

≥40% of 

NSE (n 

= 8) 

Tribe 

Chagga 42 (26) 62 (13) 32 (13) 33 (12) 28 (5) 12 (1) 

Iraq 3.2 (2) 0 (0) 4.9 (2) 5.1 (2) 5.6 (1) 0 (0) 

Maasai 8.1 (5) 14 (3) 4.9 (2) 5.1 (2) 0 (0) 0 (0) 

Mmeru 6.5 (4) 4.8 (1) 7.3 (3) 5.1 (2) 0 (0) 38 (3) 

Nyaturu 1.6 (1) 0 (0) 2.4 (1) 2.6 (1) 0 (0) 0 (0) 

Pare 21 (13) 4.8 (1) 29 (12) 31 (12) 44 (8) 12 (1) 

Sambaa 3.2 (2) 0 (0) 4.9 (2) 5.1 (2) 11 (2) 0 (0) 

Sukuma 3.2 (2) 9.5 (2) 0 (0) 0 (0) 0 (0) 0 (0) 

Other 11 (7) 4.8 (1) 15 (6) 13 (5) 11 (2) 38 (3) 

Insurance status 

Personal/Family 

Cash 

(uninsured) 

84 (52) 81 (17) 85 (35) 85 (33) 89 (16) 88 (7) 

National Health 

Insurance 

16 (10) 19 (4) 15 (6) 15 (6) 11 (2) 12 (1) 

Mechanism of injury 
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Animal 

Envenomation 

1.6 (1) 4.8 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

Blunt 

Force/Struck/Hit 

9.7 (6) 9.5 (2) 9.8 (4) 10 (4) 5.6 (1) 12 (1) 

Fall 13 (8) 14 (3) 12 (5) 13 (5) 22 (4) 0 (0) 

Penetrating 

Trauma 

1.6 (1) 0 (0) 2.4 (1) 2.6 (1) 5.6 (1) 0 (0) 

Road Traffic 

Injury 

71 (44) 71 (15) 71 (29) 69 (27) 61 (11) 88 (7) 

Other 3.2 (2) 0 (0) 4.9 (2) 5.1 (2) 5.6 (1) 0 (0) 

Injury requires hospitalization? 

Yes 94 (58) 81 (17) 100 (41) 100 (39) 100 (18) 100 (8) 

No 4.8 (3) 14 (3) 0 (0) 0 (0) 0 (0) 0 (0) 

Unknown 1.6 (1) 4.8 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

Characteristic Entire 

Population (N = 

62) 

No CHE (n 

= 21) 

Any indication of 

CHE (n = 41) 

 OOP ≥10% of 

TE (n = 39) 

 OOP ≥25% of 

TE (n = 18) 

 OOP 

≥40% of 

NSE (n 

= 8) 

Days 

hospitalized   

median (IQR) 

6 (3, 12) 5 (2, 8) 8 (4, 13) 8 (4, 13) 9 (4, 14) 5.5 (4, 8) 

Injury requires surgery? 

Yes 76 (47) 67 (14) 80 (33) 79 (31) 83 (15) 100 (8) 

No 23 (14) 29 (6) 20 (8) 21 (8) 17 (3) 0 (0) 

Unknown 1.6 (1) 4.8 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

Number of surgeries 

0 55 (34) 86 (18) 39 (16) 36 (14) 39 (7) 25 (2) 

1 42 (26) 14 (3) 56 (23) 59 (23) 61 (11) 62 (5) 

2 3.2 (2) 0 (0) 4.9 (2) 5.1 (2) 0 (0) 12 (1) 

Injury is life-threatening? 

Yes 21 (13) 38 (8) 12 (5) 13 (5) 17 (3) 25 (2) 

No 77 (48) 57 (12) 88 (36) 87 (34) 83 (15) 75 (6) 
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Unknown 1.6 (1) 4.8 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

In-hospital 

deaths 

3.2 (2) 0 (0) 4.9 (2) 5.1 (2) 5.6 (1) 0 (0) 

Patient admitted to ICU? 

Yes 4.8 (3) 0 (0) 7.3 (3) 7.7 (3) 5.6 (1) 0 (0) 

No 94 (58) 100 (21) 90 (37) 90 (35) 89 (16) 100 (8) 

Unknown 1.6 (1) 0 (0) 2.4 (1) 2.6 (1) 5.6 (1) 0 (0) 

Household 

income 

(monthly) 
median (IQR) 

250,000 

(145,000, 

500,000) 

300,000 

(200,000, 

500,000) 

200,000 (55,000, 

375,000) 

200,000 (50,000, 

450,000) 

50,000 (30,000, 

130,000) 

300,000 

(267,000, 

500,000) 

Household 

income 

(monthly adult 

equivalent)  
median (IQR) 

105,132 (50,658, 

187,500) 

135,135 

(95,238, 

192,308) 

76,923 (18,182, 

161,290) 

62,500 (16,986, 

156,403) 

16,986 (11,630, 

52,416) 

169,508 

(150,000, 

206,414) 

Cost of hospital 

visit    
median (IQR) 

489,293 

(226,250, 

616,973) 

168,650 

(104,585, 

230,000) 

565,935 (443,650, 

780,585) 

570,727 (489,293, 

788,260) 

568,331 (523,029, 

773,614) 

555,935 

(394,984, 

765,585) 16 
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Individuals experiencing any form of CHE also spent an average of three more 

days hospitalized than non-CHE persons; this was paired with more surgeries with 60.9% 

of those who experienced CHE needing one or more surgeries in comparison to only 14% 

of non-CHE persons. Monthly adult-equivalent income for individuals with any type of 

CHE was 1.76 times smaller than non-CHE households.  

In terms of indicators for delays to care, 22% of individuals with a CHE 

experienced ≥2 facility transfers between their initial care location and KCMC (Figure 

3). In comparison, only 9.5% of individuals without a CHE experienced ≥2 transfers.  In 

terms of facility transfer with later surgery, 49% of individuals with a CHE underwent ≥1 

transfers and ≥1 surgery compared to only 4.8% of non-CHE persons. When asked why 

they sought care at their initial location, 85% of those with a CHE cited facility proximity 

to them compared to 71% of non-CHE persons. The majority of individuals with and 

without a CHE both reported that it took “minutes” to receive care once arriving at 

KCMC (CHE: 90%; No CHE: 95%). With all of these factors in mind, individuals 

experiencing a CHE had an average OOP cost that was 3.4 times larger than that of non-

CHE individuals (565,935 TZS vs. 168,650 TZS). 

3.3 Impoverishment 

In terms of impoverishment, 85.5% (n=53) of all sampled patients experienced 

some form of impoverishment as a result of their hospital OOP costs (Table 2). This 



 

 

 

 

Figure 3: The Three Delays Model populated for injury patients who seek care at KCMC and stratified 

by the experience of financial catastrophe. 
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included 32.3% who fell below the Tanzanian national poverty line, 77.4% who fell 

below the WHO’s extreme poverty line, and 85.5% who fell below the WHO’s poverty 

line. Of those individuals who experienced an impoverishing expense, 68% received less 

than 10 years of education compared to only 29% of those without an impoverishing 

expense.   

Individuals experiencing any form of impoverishment also spent an average of 

four more days hospitalized than non-impoverished persons; this included the need for 

more surgeries with 47% of those impoverished by this hospital expense needing one or 

more surgeries in comparison to only 29% of non-impoverished persons. Individuals 

experiencing an impoverishing expense also tended to have larger household sizes and 

numbers of dependents than those without impoverishment– 21% of households with any 

impoverishment had greater than 6 dependents compared to none of the non-

impoverished households (Figure 4). Monthly adult-equivalent income in households  

who underwent impoverishment was 3.88 times smaller than in non-impoverished 

households (96,774 TZS vs. 375,000 TZS). 

Regarding indicators for delays to care, 21% of individuals who experienced 

impoverishment underwent  ≥2 facility transfers between their initial care location and 

KCMC while all individuals without impoverishment underwent fewer than two transfers 

(Figure 3).  For facility transfer with later surgery, 38% of individuals who experienced 

impoverishment underwent ≥1 transfers with ≥1 surgery at KCMC while only 14% of 

persons who did not experience impoverishment experienced a similar path. When asked 

 



 

 

 

Table 2: Demographic characteristics stratified by level of impoverishment. 

Characteristic Entire 

Population 

(N = 62) 

No 

impoverishment 

(n = 7) 

LEVELS OF IMPOVERISHMENT 

Any 

impoverishment 

(national, $1.90, 

or $3.20) (n = 

53) 

National 

poverty line 

(n = 20) 

≤ $1.90 

USD pp/pd 

(n = 48) 

≤ $3.20 USD 

pp/pd (n = 

53) 

Percent of total 

population 

100 (62/62) 11.3 (7/62) 85.5 (53/62) 32.3 (20/62) 77.4 (48/62) 85.5 (53/62) 

Age                     
median (IQR) 

32 (25, 44) 26 (24, 28) 34 (25, 46) 38 (30, 42) 34 (26, 44) 34 (25, 46) 

Sex 

Male 84 (52) 71 (5) 85 (45) 70 (14) 83 (40) 85 (45) 

Female 16 (10) 29 (2) 15 (8) 30 (6) 17 (8) 15 (8) 

Years of education 

0-4 years 4.8 (3) 0 (0) 5.7 (3) 10 (2) 6.2 (3) 5.7 (3) 

5-10 years 56 (35) 29 (2) 62 (33) 80 (16) 67 (32) 62 (33) 

11-15 years 32 (20) 57 (4) 26 (14) 10 (2) 23 (11) 26 (14) 

16+ years 3.2 (2) 0 (0) 3.8 (2) 0 (0) 2.1 (1) 3.8 (2) 

Unknown 3.2 (2) 14 (1) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Region of residence 

Moshi Urban 4.8 (3) 14 (1) 3.8 (2) 0 (0) 2.1 (1) 3.8 (2) 

Moshi Rural 58 (36) 86 (6) 55 (29) 50 (10) 54 (26) 55 (29) 

Other 37 (23) 0 (0) 42 (22) 50 (10) 44 (21) 42 (22) 

Marital Status 

20 



 

 

Single 37 (23) 86 (6) 28 (15) 25 (5) 25 (12) 28 (15) 

Married 47 (29) 14 (1) 53 (28) 60 (12) 54 (26) 53 (28) 

Partner (Not 

Married) 

1.6 (1) 0 (0) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Widowed 4.8 (3) 0 (0) 5.7 (3) 5 (1) 6.2 (3) 5.7 (3) 

Separated 9.7 (6) 0 (0) 11 (6) 10 (2) 12 (6) 11 (6) 

Occupation 

Farmer 32 (20) 14 (1) 36 (19) 55 (11) 38 (18) 36 (19) 

Professional 8.1 (5) 14 (1) 7.5 (4) 0 (0) 4.2 (2) 7.5 (4) 

Self-Employed 23 (14) 29 (2) 23 (12) 25 (5) 23 (11) 23 (12) 

Skilled 

Employment 

32 (20) 29 (2) 32 (17) 20 (4) 33 (16) 32 (17) 

Student 4.8 (3) 14 (1) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Characteristic Entire 

Population 

(N = 62) 

No 

impoverishment 

(n = 7) 

Any 

impoverishment 

(national, $1.90, 

or $3.20) (n = 

53) 

National 

poverty line 

(n = 20) 

≤ $1.90 

USD pp/pd 

(n = 48) 

≤ $3.20 USD 

pp/pd (n = 

53) 

Tribe 

Chagga 42 (26) 43 (3) 43 (23) 25 (5) 40 (19) 43 (23) 

Iraq 3.2 (2) 14 (1) 1.9 (1) 5 (1) 2.1 (1) 1.9 (1) 

Maasai 8.1 (5) 0 (0) 9.4 (5) 10 (2) 10 (5) 9.4 (5) 

Mmeru 6.5 (4) 0 (0) 7.5 (4) 0 (0) 8.3 (4) 7.5 (4) 

Nyaturu 1.6 (1) 0 (0) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Pare 21 (13) 0 (0) 21 (11) 35 (7) 21 (10) 21 (11) 

Sambaa 3.2 (2) 0 (0) 3.8 (2) 10 (2) 4.2 (2) 3.8 (2) 

Sukuma 3.2 (2) 14 (1) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Other 11 (7) 29 (2) 9.4 (5) 15 (3) 10 (5) 9.4 (5) 

Insurance status 

Personal/Family 

Cash (uninsured) 

84 (52) 71 (5) 85 (45) 95 (19) 90 (43) 85 (45) 

National Health 

Insurance 

16 (10) 29 (2) 15 (8) 5 (1) 10 (5) 15 (8) 
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Mechanism of injury 

Animal 

Envenomation 

1.6 (1) 14 (1) 0 (0) 0 (0) 0 (0) 0 (0) 

Blunt 

Force/Struck/Hit 

9.7 (6) 14 (1) 9.4 (5) 10 (2) 10 (5) 9.4 (5) 

Fall 13 (8) 14 (1) 13 (7) 15 (3) 15 (7) 13 (7) 

Penetrating 

Trauma 

1.6 (1) 0 (0) 1.9 (1) 5 (1) 2.1 (1) 1.9 (1) 

Road Traffic 

Injury 

71 (44) 57 (4) 72 (38) 65 (13) 69 (33) 72 (38) 

Other 3.2 (2) 0 (0) 3.8 (2) 5 (1) 4.2 (2) 3.8 (2) 

Injury requires hospitalization? 

Yes 76 (47) 71 (5) 75 (40) 75 (15) 75 (36) 75 (40) 

No 23 (14) 29 (2) 23 (12) 25 (5) 23 (11) 23 (12) 

Unknown 1.6 (1) 0 (0) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Characteristic Entire 

Population 

(N = 62) 

No 

impoverishment 

(n = 7) 

Any 

impoverishment 

(national, $1.90, 

or $3.20) (n = 

53) 

National 

poverty line 

(n = 20) 

≤ $1.90 

USD pp/pd 

(n = 48) 

≤ $3.20 USD 

pp/pd (n = 

53) 

Days 

hospitalized  
median (IQR) 

6 (3, 12) 3 (2, 7) 7 (4, 13) 10 (4, 17) 7 (4, 13) 7 (4, 13) 

Injury requires surgery? 

Yes 76 (47) 71 (5) 75 (40) 75 (15) 75 (36) 75 (40) 

No 23 (14) 29 (2) 23 (12) 25 (5) 23 (11) 23 (12) 

Unknown 1.6 (1) 0 (0) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

Number of surgeries 

0 55 (34) 71 (5) 53 (28) 45 (9) 56 (27) 53 (28) 

1 42 (26) 29 (2) 43 (23) 55 (11) 42 (20) 43 (23) 

2 3.2 (2) 0 (0) 3.8 (2) 0 (0) 2.1 (1) 3.8 (2) 

Injury is life-threatening? 
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Yes 21 (13) 0 (0) 25 (13) 20 (4) 23 (11) 25 (13) 

No 77 (48) 100 (7) 74 (39) 80 (16) 75 (36) 74 (39) 

Unknown 1.6 (1) 0 (0) 1.9 (1) 0 (0) 2.1 (1) 1.9 (1) 

In-hospital 

deaths 

3.2 (2) 0 (0) 3.8 (2) 10 (2) 4.2 (2) 3.8 (2) 

Patient admitted to ICU? 

Yes 4.8 (3) 14 (1) 3.8 (2) 10 (2) 4.2 (2) 3.8 (2) 

No 94 (58) 86 (6) 94 (50) 85 (17) 94 (45) 94 (50) 

Unknown 1.6 (1) 0 (0) 1.9 (1) 5 (1) 2.1 (1) 1.9 (1) 

Household 

income 

(monthly)  median 

(IQR) 

250,000 

(145,000, 

500,000) 

600,000 

(400,000, 

1,100,000) 

200,000 

(100,000, 

300,000) 

55,000 

(30,000, 

135,000) 

200,000 

(100,000, 

300,000) 

200,000 

(100,000, 

300,000) 

Characteristic Entire 

Population 

(N = 62) 

No 

impoverishment 

(n = 7) 

Any 

impoverishment 

(national, $1.90, 

or $3.20) (n = 

53) 

National 

poverty line 

(n = 20) 

≤ $1.90 

USD pp/pd 

(n = 48) 

≤ $3.20 USD 

pp/pd (n = 

53) 

Household 

income (monthly 

adult equivalent)  
median (IQR) 

105,132 

(50,658, 

187,500) 

375,000 

(246,964, 

524,027) 

96,774 (50,000, 

151,515) 

27,530 

(13,690, 

52,632) 

92,330 

(38,051, 

144,643) 

96,774 

(50,000, 

151,515) 

Cost of hospital 

visit 

median (IQR) 

489,293 

(226,250, 

616,973) 

265,935 

(177,500, 

420,260) 

520,727 

(225,000, 

621,435) 

551,634 

(462,400, 

728,971) 

489,293 

(212,396, 

630,739) 

520,727 

(225,000, 

621,435) 

*Note: Two individuals were excluded from this table as they declined to provide income information; pp/pd = per 

person, per day 
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Figure 4: Household characteristics stratified by level of impoverishment. 
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why they sought care at their initial location, 83% of those who experienced 

impoverishment cited facility proximity to them compared to 71% of non-impoverished 

persons. The majority of individuals who did and did not experience impoverishment 

both reported that it took “minutes” to receive care once arriving at KCMC 

(Impoverishment: 87%; No impoverishment: 86%). With all of these factors in mind, 

individuals experiencing impoverishment had an average OOP cost that was 1.96 times 

larger than that of non-impoverished individuals (520,727 TZS vs. 265,935 TZS). 
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4. Discussion 

4.1 Delays to care 

 In order to push towards universal health coverage, reductions of health 

inequities, and improved health outcomes for all, the WHO considers both catastrophic 

health expenditure and impoverishment to be critical indicators for achieving the 

associated Sustainable Development Goals.26 In this study, traumatic registry data and 

patient reports indicated that individuals experiencing a financial catastrophe (CHE or 

impoverishment) at baseline had larger households, a greater number of dependents, and 

lower incomes. These differences paint the picture of households which are financially 

constrained at baseline with more mouths to feed and a greater number of individuals 

who need additional care. Several other studies have found that financial distress and 

concerns for expenses can lead to delays in seeking care, with factors like forgone 

income and child care also critical points of consideration when delaying care.18,27  

Once deciding to seek care, individuals who experience financial catastrophe 

report more facility transfers and a notably higher transfer rate with later surgery. 

Avoiding hospital transfers can be a significant factor in improving health outcomes as 

shown by a study in Kenya which demonstrates that those injury patients who undergo 

hospital transfers have a higher odds of in-hospital mortality in comparison to patients 

directly admitted to the final care location.28 This further shows that patients who 

undergo a financial catastrophe are not only delayed in reaching their final care location 

yet are also at risk for poorer health outcomes. In addition, the unique and semi-rigid 

healthcare referral system in Tanzania necessitates transfers for those who cannot afford 
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to seek care without a referral, even if the facility to which a patient is transferred does 

not have the appropriate resources.29 Therefore, this higher surgical burden interacting 

with a higher facility transfer rate could suggest potential systematic delays that impact 

and delay a patient on their prehospital (or pre-final hospital) path. 

  In our study, we did not observe a substantial difference in the time it took to 

receive care after presenting to KCMC EMD between those experiencing financial 

catastrophe and those who do not. This could be due to confounding effects like the 

quality of care at KCMC or the availability of resources/personnel given it is the tertiary 

care facility for the region. That being said, our study is unique in presenting and 

assessing all three delays of the Three Delays model rather than focusing purely on 

hospital characteristics (Delay 3). A systematic review of the Three Delays Model as it is 

applied to trauma systems in LMICs found that Delay 3 was the most frequently assessed 

in the literature.12 However, as our study shows, there could be significant barriers to 

emergency care due to individual factors that could influence care-seeking decision-

making as well as individual paths to care.  

4.2 Limitations 

The conclusions of this study must be viewed after careful consideration of the 

limitations. First, the use of a traumatic injury registry for sampling likely induces some 

subject selection bias via underrepresentation of the most severe injury cases as well as 

an underrepresentation of the most financially constrained individuals. Those individuals 

with severe injuries are more likely to die before reaching KCMC and therefore less 

likely to appear in the traumatic injury registry. Similarly, those who have the fewest 
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resources to begin with are unlikely to be able to pay to reach KCMC and are less likely 

to appear in the trauma registry.  Therefore, there is likely a survivor bias inherent in this 

study via both severely injured patients who were more susceptible to dying after delays 

to care yet before presenting to KCMC and extremely financially constrained individuals 

who were unable to afford the full journey to KCMC. 

Second, as the costs were calculated based on itemized lists of procedures and 

expenses from a limited definition of healthcare expense, it’s likely that the final 

calculated healthcare expenditures were underestimates due to missed expenses. 

Therefore, it’s likely that the proportion of the population experiencing financial 

catastrophe under each of the threshold values is higher in reality than was calculated in 

this study. Our results represent conservative estimates for financial catastrophe within 

this patient population. 

Finally, the self-reported or family-reported nature of several time to care 

variables could have resulted in an information bias specifically regarding the time of 

injury and time of first hospital presentation.  
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5. Conclusion 

By leveraging the Three Delays model, we examined delays to emergency care at 

all points in the care continuum in the wake of an acute injury. Household composition 

and financial characteristics stood out as factors that increased Delay 1 for individuals 

who experienced catastrophic health expenditure or impoverishment. Within Delay 2, a 

complex referral system with difficulties in transportation specifically delaying those who 

would later experience a financial catastrophe and could lead to differential health 

outcomes within that already at-risk group. To minimize delays and improve health 

outcomes for those who are most at risk for financial catastrophe, it is critical to focus 

future research on the prehospital care pathway before a patient’s final destination so that 

targeted interventions can be developed to protect those who fewest resources yet incur 

the largest medical expenses. 

 

 



 

 30 

Appendix A 

Appendix A. All expense types incurred by patients at KCMC.  

Procedure Name Price (TZS) 

Consultation 

Generalist 10,000 

PT/OT 8,000 

Specialist 25,000 

Surgical Procedures 

Distal Tibia (Pilon) LT + LII 350,000 

Femoral Shaft (Diaphyseal)* 333,333.30 

Femoral Shaft (ORIF) 350,000 

Laparotomy 350,000 

ORIF* 342,727.30 

Surgical Debridement with External Fixator 350,000 

Surgical Debridement with Implant 300,000 

Surgical Debridement without External Fixator 350,000 

Tibia Transtibial Amputation 350,000 

Tracheostomy + tracheostomy tube 600,000 

Other Procedures 

Intubation + endotracheal tube 105,200 

NPA + airway guedel 3,300 

Oxygen Therapy* 23,650 

Fluid 2,000 

Blood transfusion + Blood grouping/Rh typing & cross matching + 

Comb’s test 12,000 

X-Rays 

Ankle (unilateral) 20,000 

Ankle (unknown sidedness) 30,000 

Chest 20,000 

Clavicle (unknown sidedness) 30,000 

Femur (unilateral)   

Femur (unknown sidedness) 30,000 

Foot (unilateral) 20,000 

Foot (unknown sidedness) 30,000 

Forearm 20,000 

Hand 20,000 
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Knee 20,000 

Pelvis 20,000 

Radius/Ulna (unilateral) 20,000 

Radius/Ulna (unknown sidedness) 30,000 

Shoulder (unknown sidedness) 30,000 

Skull 20,000 

Spine (unknown region) 20,000 

Thoracic/Lumbar Spine 40,000 

Tibia 16,000 

Tibia/Fibula (unilateral) 20,000 

Tibia/Fibula (unknown sidedness) 30,000 

Wrist 20,000 

CT Scans 

Abdomen 200,000 

Chest 175,000 

Head 175,000 

Pelvis 175,000 

Spine   262,500 

MRIs  

MRI scan* 358,181.80 

USSs  

USS scan* 35,935.48 

Hospital admission and stay  

General ward (daily) 10,000 

ICU (daily) 50,000 

Death expenses 

Death certificate 15,000 

Corpse transport (from wards to morgue) 15,000 

Body bag (plastic) 50,000 
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