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Abstract

Background: The cause of death (COD) statement is a vital statistic that refers to the disease(s) 

and process(es) that lead to death. Obtaining accurate COD is valuable for mortality prevention 

priorities. The statements are formulated using International Classification of Diseases and related 

health problems, version 10 (ICD-10) system. However, physicians may be unfamiliar with these 

standards or fail to use them and instead refer to mechanisms or manner of death when stating 

COD. We present results of an of assessment of quality of COD statements in decedent cases 

reviewed during a one-month mortuary-based surveillance at Kenyatta National Hospital (KNH) 

and the City mortuaries in Nairobi, Kenya in 2015.
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Methods: Quality elements reviewed were completeness, correctness and order of stating the 

immediate (ICOD), antecedent, underlying (UCOD), and other significant causes (OSCs) as per 

the ICD 10 standards, in all deaths reported among adolescents and adults aged 15 years or older 

at the two mortuaries. COD were assessed for correct sequencing from immediate, antecedent, to 

underlying compared with autopsy pathology and clinical findings where available. Errors in COD 

statements were classified as missing or containing incomplete information such as: lack of 

underlying cause of an injury; incorrect words or statements; presence of more than one competing 

COD; use of the mechanism of death or anatomic and physiologic processes or signs and 

symptoms, and or laboratory results as CODs. Pearson’s χ-squared test was used to compare 

proportions.

Results: Out of 810, 610 (75.3%) deaths having HIV statuses were abstracted and 356 had at 

least one COD documented; 114 (32%) females and 242 (68%) males; 239 (67.1%) from KNH 

and 117 (32.9%) City mortuary. The cases from City mortuary had higher rates of correct 

statements on 116 (99.1%) ICOD, 90 (89.1%) UCOD, and 40 (81.6%) OSCs, compared to KNH 

Mortuary; 50 (20.9%), 200 (90.1%) and 62 (76.5%) respectively, p < 0.001. The most common 

type of errors was incomplete information and citing mechanisms of death as the COD.

Conclusions: In addition to revising national forms to conform to ICD-10, there is a need for 

periodic training of individuals responsible for completing death certificates. This will improve 

correctness and completeness of COD in order to provide reliable mortality data in Kenya.
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1. Background

A death certificate (DC) is an important document for medicolegal reasons, inheritance 

purposes, processing life insurance claims, and national health planning.1 A key element in 

the DC is the cause of death (COD) statement that consists of words indicating CODs and 

other significant conditions or diseases present that may or may not have contributed to 

death. The World Health Organization International Classification of Diseases and related 

health problems, Version 10 (ICD-10) is designed to promote international comparability in 

the collection, processing, classification, and presentation of mortality statis tics, hence it is 

a useful tool in writing COD statements.2 The ICD-10 also provides a format for reporting 

CODs on the DC. The reported conditions are then translated into medical codes through use 

of a classification structure according to the selection and modification rules contained in the 

ICD. The ICD coding rules improve the usefulness of mortality statistics by giving 

preference to certain categories of causes, by consolidating conditions, and by systematically 

selecting a single COD from a reported sequence of conditions. The single selected cause is 

called the underlying cause of death (UCOD). The UCOD is usually preceded by an 

immediate COD (ICOD). The UCOD is defined as (1) the disease or injury that initiated the 

train of morbid events leading directly to death or (2) the circumstances of the accident or 

violence, which produced the fatal injury. The aim for proper identification of the UCOD is 

to support prevention of future occurrences of similar deaths.3 Other significant causes 
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(OSC) are the non-underlying CODs, but may contribute to mortality. The combination of 

underlying and non-underlying causes forms the multiple CODs. In determining the ICOD 

and UCOD, physicians use the principle of Occam’s razor, where the simplest explanation 

that could give rise to the observations is selected. Although these guidelines for COD 

statements are widely available, they are often not utilized by physicians in the filling of 

DCs.

Quality COD statements are prerequisites for quality DCs and COD statistics. These data are 

a cornerstone for health policy-making and medical research worldwide. The data provide 

statistical information useful for mortality surveillance, epidemiologic research, public 

health planning, and resource allocation for health and safety research projects.3

COD coding practices remain inadequate in most developing countries.4 In Kenya, as in 

most low- and medium-income countries, death notification is done by medical doctors at 

various levels of training and experience. Most deaths are certified by junior doctors, mainly 

interns, clinical officers, and medical officers, while fewer are certified by pathologists 

where postmortems are conducted. The information is entered in a death notification form 

(D1), and a copy is referred to the registrar of births and deaths at the Attorney General’s 

offices. The officers who subsequently abstract the information from these notification forms 

are non-medical personnel, and therefore require that COD statements be clear to support 

proper abstraction. COD statements that are abstracted and transferred into DCs are used for 

purposes of generating vital statistics. Poor quality COD statements therefore may have 

financial, medicolegal, and policy implications.

The quality of COD statements may vary by age group. The elderly, for example, may have 

the most errors because multiple natural diseases or co-morbidities such as cerebrovascular, 

cardiovascular or neurologic disease and/or dementia. In ascertaining COD, some of these 

causes might be overlooked hence the dictum that “the elderly die with their disease and not 

of their disease”. In addition, death certificates for the elderly often list other conditions such 

as pathological fractures that may be mistaken as an UCOD.3

Various studies have shown variable and high death certificate completion. In a U.S. study 

conducted in Atlanta, GA about 47% of the errors in DCs involved omissions, incomplete, 

and incorrect information.5 Maharjan, in an intensive care unit study, found that 78.4% of 

DCs had errors. This included errors in the terminology, serialization, or completeness of the 

COD statement.1

In our study, the immediate, underlying, and other CODs statements in all the available cases 

among adolescents and adults aged 15 years or older were reviewed, completeness and 

correctness of each of the statements using the ICD-10 criteria was determined.

2. Methodology

2.1. Study setting and design

The study was carried out as part of the HIV/AIDS mortality surveillance study at the 

Kenyatta National Hospital (KNH) Mortuary and the City Mortuary, the two largest 
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mortuary facilities in Kenya. The two are in Nairobi, the capital of Kenya. The study was 

descriptive and cross-sectional. All deaths regardless of the underlying cause among 

adolescents and adults aged 15 years or older that occurred from Jan 29 to Mar 3, in 2015 at 

both mortuaries were included in the analysis. Since the purpose of the primary study was to 

estimate the HIV-associated mortality, all the records included in this manuscript had an 

HIV status available. Additionally, the targeted age group was based on the definition of age 

for patients considered to be adults for clinical and programmatic considerations in HIV 

programs worldwide. The data were obtained from the postmortem case summaries of the 

COD statements following autopsy at KNH Mortuary and City Mortuary in Nairobi. Deaths 

occurring at KNH also had in-patient medical records and COD certified by the attending 

physician whereas most cadavers at City mortuary are from accidents scenes and other 

trauma and injuries and hence will not have a medical record.

2.2. Data retrieval and analyses

A team of medical health records officers who had undergone training in ICD10 coding 

rules retrieved and reviewed all files and death notification documents from the hospital 

records or mortuary data for KNH and City Mortuary cases respectively. The team of 

abstractors were supervised by a pathologist and the principal investigator of the project.

The COD statements in the DCs and notifications contains two parts as per ICD-10. Part I 

for reporting the sequence of events leading to death, namely the ICOD, proceeding 

backwards from the final disease or condition that resulted in death. Generally, only one 

condition should be listed per line. A specific COD, namely the UCOD, was expected to be 

reported in the last entry in Part I of the death notification form. Therefore, the last event 

was expected to come first, and the first event to come last chronologically. Part II of the 

COD statement details OSCs that may or may not have contributed to the death but did not 

lead to the underlying cause.6,7 In order to be considered a properly completed COD section, 

it was expected to provide an etiologic explanation of the sequence, type, and association of 

events resulting in death.7 The sequence and logic of the events and occurrences was also 

reviewed. The reviewers worked independently and looked for the errors in the statements as 

follows: missing information; improper sequencing of information on the COD; incorrect 

words or statements on the COD. We also checked for incomplete information such as lack 

of underlying cause of an injury. We looked for improper sequencing such as: more than one 

competing COD at one level (e.g. inclusion of hypertension and diabetes mellitus as 

UCODs); use of the mechanism of death such as cardio-respiratory arrest; use of anatomic 

and physiologic processes like a space occupying lesion; use of signs and symptoms and 

laboratory results such as breathlessness or pancytopenia among others. Upon completion of 

the review process, the panel of authors, collated and published the findings.

The CODs were grouped as per a modified Global Burden of Disease (GBD) system,8 as 

follows: Ia) Communicable diseases, perinatal, maternal, and nutritional, excluding HIV/

AIDS; Ib) HIV/AIDS-related deaths; II) Non-communicable diseases; and III) Injuries and 

unnatural deaths. Thus, we subdivided HIV/AIDS-related deaths from other Group I causes.
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2.3. Data analyses

The data were entered in Epi-Info™, cleaned and analyzed using Stata (version 14.1, Stata 

Corp, College Station, TX, USA). The dependent variable was the occurrence of error in the 

DC while independent variables were sex, age, and presence of infection (sepsis), organ 

failure, hemorrhage, or multiple injuries among others. Descriptive data analysis was 

performed to show the prevalence and types of errors in DCs and the other related variables. 

Comparative analysis was performed amongst different types of errors prevalent in ICODs, 

UCODs, and OSCs. Pearson’s chi-squared test was used to determine the association of 

occurrence of error in DCs with the independent variables. A p-value of <0.05 was 

considered as the cut-off point for statistical significance.

3. Results

A total of 810 eligible decedents were identified that met the study inclusion criteria. Out of 

these, 610 had data on HIV status available, of whom 356 had at least one COD 

documented. Reasons for unavailability of COD included transfer of cadaver to another 

facility prior to autopsy and/or inability to trace the medical record or pathology report. Of 

the 356 with at least one COD, 114 (32%) were females and 242 (68%) males. Fifty-one 

percent of the decedents were aged between 25 and 44 years. The cases from KNH 

Mortuary and City Mortuary were 239 (67.1%) and 117 (32.9%) respectively (Fig. 1). A 

summary of CODs is presented elsewhere,.9 City Mortuary had a majority of correctly stated 

CODs regardless of cause. The cases from City Mortuary had a higher proportion of correct 

statements on 116 (99.1%) ICOD, 90 (89.1%) UCOD, and 40 (81.6%) OSCs, compared to 

KNH Mortuary that had 50 (20.9%), 200 (90.1%) and 62 (76.5%) respectively. Differences 

were significant for ICOD, p < 0.001. ICODs had a majority of incorrect statements for all 

types of disease categories, as per GBD. The UCOD and OSCs were mostly correctly stated 

(Table 1).

Most of the errors on the ICOD were due to either incomplete information or citing a 

mechanism of death as a COD (Table 2). All of the errors on the ICOD for City Mortuary, 

(66) were due to incomplete information; while at KNH 18 (8.8%) errors were due to 

incomplete information and 187 (91.2%), were due to reporting mechanism of death as a 

cause for KNH. This difference in cause of errors by mortuary was statistically significant (p 

< 0.001).

The most common type of error for the UCOD was incomplete information, such as lack of 

information on the cause of blunt force trauma, as seen in majority of the injury-related 

deaths. The difference in reasons for errors in the UCOD was not statistically significant 

between the two sites (p = 0.402). Most cases did not have OSCs cited, but 10 out of 11 

reported OSCs were from the City Mortuary. This difference in presence of OSC between 

mortuaries was not statistically significant (p = 0.051).

The sequence of stating the COD statement was mostly correct with City Mortuary at 100 

(85.5%) and KNH Mortuary at 228 (97.4%), (Table 3). Most errors were due to incomplete 

information stated. Only 57 (16.2%) cases from both sites had complete information stated. 
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The correct terminology was used in a total of 166 (46.6%) cases; most of the correct 

statements were from City Mortuary 116 (99.1%).

4. Discussion

4.1. Burden of disease and COD

In this study, the COD statements were categorized into ICOD, UCOD, and OSC, and 

comprised 4 major groups of diseases according to the 2010 GBD.10 We found that more 

than a third of UCODs in both mortuaries were non-communicable diseases (NCDs) 

followed by injuries and unnatural causes, while HIV/AIDS was responsible for just over 

10% of deaths. The Institute for Health Metrics and Evaluation-led GBD 2013 estimated that 

about 1 in 3 deaths among 15–80 year old in Kenya were due to non-communicable causes.
11 This is similar to what we found in this study. In contrast, the GBD 2013 report indicated 

that HIV accounted for 1 in 4 deaths, while injuries and unnatural causes only accounted for 

7% of deaths in Kenya among 15–80 year old. Our study took place in Nairobi, where HIV 

prevalence is estimated to be slightly below the national average, and antiretroviral treatment 

coverage is above average,12 which should contribute to lower HIV-associated mortality. In 

addition to traditional NCD risk factors, like tobacco smoking, high blood pressure, and 

unhealthy diet, and nontraditional risk factors such as air pollution and excessive alcohol 

consumption also play a role in an increased number of deaths from NCDs.13 Similarly, the 

high proportion of deaths from injuries and unnatural causes can be accounted for by the 

growth of motorization between 1990 and 2013 in Kenya14; the inclusion of City Mortuary, 

which receives primarily medico-legal cases due to injuries and unnatural causes, may have 

contributed to the higher rates of external COD seen in our study. A retrospective study done 

in 2014 on the demographic profile and pattern of fatal injuries in Nairobi revealed that 

injuries resulted to 10.6% of all deaths recorded at the Department of Civil Registration.15 

Other studies on trauma deaths outside the hospitals showed that injury mortality rates have 

increased in developing countries due to systems that are unreliable for primary prevention 

purposes,16 unsafe environments and poor access to quality health care.14,17

Under the ICOD statements, group I and II diseases were stated with the most errors, 

whereas for group III diseases, the COD statements were mostly correct. This may be 

because communicable (group I) and NCDs (group II) have more complicated disease 

processes when compared to injuries and unnatural causes (group III), hence more errors in 

stating the ICOD.

We found that there was a greater number of deaths in males than females, with a majority 

(over ⅔) aged 25–64 years - the productive age group.

The revised GBD cites higher mortality among men than women and is mainly due to 

injuries, whereas in women, group I diseases, notably HIV/AIDS, are the major contributors. 

In a paper on the epidemiologic transition, Joshua A. Salomon et al. noted a strikingly 

different shift in patterns of COD for men, from group III to group II, compared to a shift 

towards group II then III in women.18
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4.2. Correctness and completeness of COD

In terms of correctness and completeness, City Mortuary had a higher number of correctly-

stated CODs than KNH. The ICOD was the most correctly-stated, while OSC was 

frequently missing. This could be explained by the fact that most of the decedents received 

at this site were non-hospital deaths, secondary mainly to injuries and unnatural causes. The 

causes of the injuries were blunt force trauma, road traffic accidents, or firearm injuries. 

Death from traumatic injuries classically follows a trimodal pattern – immediate, early, and 

late. Immediate deaths follow unpreventable injuries to the heart, great vessels, spinal cord, 

and the brain. These are usually the causes of non-hospital deaths received at the mortuary 

and are, therefore, identifiable by the certifier by following the patterns of physical injuries 

observed, as demonstrated by Okemwa et al.19 The CODs, however, were most correctly 

stated at KNH. This is probably due to the availability of clinical information and 

investigations, as opposed to deaths due to injuries where this information is often lacking. 

Hospital deaths tend to have multiple complications secondary to surgeries and a myriad of 

diseases, hence more errors on ICOD. In an academic setting, death certification errors were 

attributed to house staff inexperience, fatigue, time constraints, and unfamiliarity with the 

deceased and perceived lack of importance of the DC.20 The same reason could be used to 

explain the trend seen at KNH since the center is a teaching and referral institution where 

multiple certifiers are formally trained and practice writing DCs. Weaknesses in the current 

D1 form may have contributed to errors in COD statements. Although the form is generally 

structured using the ICD-10 format, it lacks clear user guidance and has not been revised for 

almost 10 years.

For ICOD, the most common error varied with the site of data collection. At KNH, the 

listing of the mechanism of death, such as cardiorespiratory arrest as the COD was common. 

Mechanism of death refers to the physiologic derangement or biological disturbance 

produced by the cause of death.21 Listing of the mechanism of death without any underlying 

cause may occur because most physicians tend to confuse cause and mechanism. Medical 

therapy often attempts to ameliorate these mechanisms, e.g., shock, rather than the cause, 

e.g., sepsis, thereby focusing attention on mechanism.22 An American Medical Association 

study supports the above finding stating that the commonest error occurred in listing of the 

mechanism as the ICOD.23 Mechanistic terminal events are often erroneously reported as 

COD. In general, these events should never be reported in the DC as one of the CODs. They 

are extremely non-specific and diminish the quality of mortality statistics. However, data 

from the City Mortuary had the most common source of error under ICOD being incomplete 

information. As mentioned earlier, most of the decedents at this site are secondary to pre-

hospital deaths. In these cases, not much clinical history is available, leading to incomplete 

information as a major source of error when filling in the DCs.

For UCOD, the most common type of error was incomplete information. A study by George 

James et al., in 1955 comparing the inaccuracies between the DC and autopsy certificate 

revealed that the major source of errors was due to lack of sufficient information to confirm 

the true COD.24 Incomplete information was a major problem for trauma cases due to lack 

of information regarding the source of the blunt force. In a study by Gladwell Koku et al., 

the leading cause of injury under trauma cases was assault by blunt force at 30.5%.17 Since 
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blunt force is a major contributor in trauma-related deaths, more details regarding the source 

would therefore help in reducing the errors observed.

For the ICOD statements, the differences observed between KNH Mortuary and City 

Mortuary were statistically significant whereas in UCOD and OSC statements, the 

differences between the two hospitals had no statistical significance.

The sequence in writing the COD statements was mostly correct at both sites at 93.5%. The 

ICD-10 outlines a standard format for COD statements.25 This can explain why most of the 

COD statements have the correct sequence. City Mortuary had a higher number of correct 

statements when compared to KNH Mortuary at 69.9% and 30.1% respectively. The 

difference in correctness by site could be because KNH has multiple certifiers tasked with 

filling in the DC among other duties. City Mortuary on the other hand has pathologists who 

are trained to fill in the DCs.

The COD statements are complete in under a fifth of the cases in both sites of data 

collection. Only 10% had correct, complete, and sequenced statements. Jacqueline Messite 

et al. demonstrated how the accuracy of DC completion varied with the level of physician 

training and experience.26 Many healthcare workers faced with the task of filling DCs do not 

receive adequate training in this area, resulting in errors that undermine the quality of data 

retrieved. However, implementation of a simple educational intervention may go a long way 

in improving the accuracy of death certification.27 Although the topic of death certification 

is included in many medical school curricula, it has little practical significance at this early 

stage of medical education.22 Some practitioners may perceive death certification as 

unglamorous routine paper work and all this eventually contributes to the errors observed.

One major limitation in this study was that the data retrieval and abstraction were performed 

independent of the primary authors of the statements, thus clarification on how specific 

CODs were assigned was also not possible. Although the data abstractors were trained on 

ICD-10 classification, the research team did not have any means for making corrections in 

the DC. Although the data retrieval team was also not an expert panel for validation of the 

COD statements, we feel this review can provide actionable insights into quality of COD 

statements.

5. Conclusions

City Mortuary had a higher quality of COD statements compared to KNH Mortuary. The DC 

of unnatural deaths mainly contribute to errors in the UCOD while natural deaths mainly 

contribute to errors in ICOD. While majority of the DCs had a correct sequence, less than 

half had the correct statement and less than a fifth had a complete statement. Poor quality of 

both immediate and underlying CODs could be attributable to lack of periodic refresher 

training.

Periodic training with feedback mechanisms should be put in place as a requirement for 

high-quality mortality data. This can be achieved by establishing systems that require 

training death certifiers on proficiency in DC filling. There is also a need to regularly review 
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and harmonize DC forms and tools to ensure accuracy of data in the country’s death 

registries.
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Fig. 1. Number of cases with causes of death at City Mortuary and Kenyatta National Hospital 
Mortuary, Kenya, 2015, n = 356.
The figure shows the number of records with at least one cause of death reviewed at city and 

Kenyatta National Hospital mortuaries.
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Table 2

Types of errors and statements on immediate, underlying and other significant causes of death at City 

Mortuary and Kenyatta National Hospital Mortuary, based on the ICD-10 two-tier format, Kenya 2015.

All Mortuary

Error types N (%) City, N (%) KNH, N (%) P values

Types of errors for ICOD
a <0.001

 Incomplete information 84 (31.0) 66 (100) 18 (8.8)

 Mechanism of death 187 0 (0) 187 (91.2)

(69.0)

Types of errors for UCOD
b 0.402

 Improper sequence 9 (5.8) 1 (2.9) 8 (6.6)

 Incorrect statement 3 (1.9) 1 (2.9) 2 (1.7)

 Incomplete information
c 84 (31) 66 (100) 18 (8.8)

 >1 competing COD 5 (3.2) 0 (0) 5 (4.1)

 Mechanism of death 187 (69) 0 (0) 187 (91.2)

 Physiologic process 5 (3.2) 1 (2.9) 4 (3.3)

 Symptoms
d 14 (9) 1 (2.9) 13 (10.7)

Statements on OSC
e 0.051

 None 303 115 (99.1) 188 (94.9)

(96.5)

 Present 11 (3.5) 1(0.9) 10 (5.1)

NOTE: n = 356 contains all data including undocumented COD.

*
132 (35.2%) records that had multiple errors.

a
Immediate COD.

b
Underlying COD.

c
Lack of information on the underlying cause of blunt force trauma.

d
Pancytopenia.

e
Other significant COD.
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