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Abstract 

Background: Understanding the magnitude and causes of mortality at national and sub-national levels for coun-
tries is critical in facilitating evidence-based prioritization of public health response. We provide comparable cause of 
death data from Kisumu County, a high HIV and malaria-endemic county in Kenya, and compared them with Kenya 
and low-and-middle income countries (LMICs).

Methods: We analyzed data from a mortuary-based study at two of the largest hospital mortuaries in Kisumu. 
Mortality data through 2019 for Kenya and all LMICs were downloaded from the Global Health Data Exchange. We 
provided age-standardized rates for comparisons of all-cause and cause-specific mortality rates, and distribution of 
deaths by demographics and Global Burden of Disease (GBD) classifications.

Results: The all-cause age-standardized mortality rate (SMR) was significantly higher in Kisumu compared to Kenya 
and LMICs (1118 vs. 659 vs. 547 per 100,000 population, respectively). Among women, the all-cause SMR in Kisumu 
was almost twice that of Kenya and double the LMICs rate (1150 vs. 606 vs. 518 per 100,000 population respectively). 
Among men, the all-cause SMR in Kisumu was approximately one and a half times higher than in Kenya and nearly 
double that of LMICs (1089 vs. 713 vs. 574 per 100,000 population). In Kisumu and LMICs non-communicable dis-
eases accounted for most (48.0 and 58.1% respectively) deaths, while in Kenya infectious diseases accounted for the 
majority (49.9%) of deaths. From age 10, mortality rates increased with age across all geographies. The age-specific 
mortality rate among those under 1 in Kisumu was nearly twice that of Kenya and LMICs (6058 vs. 3157 and 3485 per 
100,000 population, respectively). Mortality from injuries among men was at least one and half times that of women 
in all geographies.

Conclusion: There is a notable difference in the patterns of mortality rates across the three geographical areas. The 
double burden of mortality from GBD Group I and Group II diseases with high infant mortality in Kisumu can guide 
prioritization of public health interventions in the county. This study demonstrates the importance of establishing reli-
able vital registry systems at sub-national levels as the mortality dynamics and trends are not homogeneous.

Keywords: Mortality, Cause of death, Kisumu, Kenya, LMICs

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

Introduction
Countries are in constant need of reliable mortality and 
cause of death statistics to monitor population health 
and effectively respond with appropriate public health 
interventions [1, 2]. In general, high-income countries 
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have mature vital and civil registration systems that 
can reliably estimate both overall mortality and cause-
specific mortality rates [3]. In low-and middle-income 
countries (LMICs), however, vital registration systems 
are generally not well established, and documentation 
of mortality and its causes are poor [4, 5], resulting in 
uncertainty in estimated mortality rates [6, 7].

To help address this gap, some sub-Saharan African 
(SSA) countries have set up demographic surveillance 
sites (DSS) to provide cause-specific mortality rates 
by collecting cause of death (COD) data through ver-
bal autopsies based on a standard verbal autopsy ques-
tionnaire [8–11]. Although an efficient way to provide 
accurate age and cause-specific mortality rates, the data 
are limited to the geographic areas covered by the DSS. 
Cause of death data from verbal autopsies have their 
limitations including recall bias and classification errors 
[11, 12]. Additionally, some countries in SSA, such as 
Kenya, have also relied on statistical models to provide 
mortality estimates [13]. Such models, however, are 
limited by the quality of the data provided and the dif-
ferences in methods for ascertaining cause of death [13, 
14]. Outside of routine comprehensive civil and vital 
statistic registries, some SSA countries have used direct 
methods that can mitigate some of these limitations by 
collecting primary mortality data from hospitals [15, 
16] or mortuaries [17–20] to calculate mortality rates.

On a global level, the Institute for Health Metrics 
and Evaluation (IHME), an independent population 
health research center in Seattle, Washington, USA, 
provides rigorous and comparable measurement of the 
world’s most important health problems on its Global 
Health Data Exchange [21]. The exchange is the world’s 
most comprehensive global catalogue of data from 
vital registration systems, sample registration systems, 
household surveys (complete birth histories, summary 
birth histories, sibling histories), censuses (summary 
birth histories, household deaths) and DSS sites. The 
Exchange’s data catalogue is used to model and gener-
ate Global Burden of Disease (GBD) estimates on key 
health indicators including mortality.

Because these diverse methods for deriving mortality 
rates exist, mapping of mortality data onto the Interna-
tional Statistical Classification for Diseases and Health 
Related Problems 10th Revision, (ICD-10) coding sys-
tem [22] and subsequently summarizing them accord-
ing to the categories of the Global Burden of Disease 
(GBD) project [23] allow for comparison of data across 
different geographical areas. This paper aims to i) ana-
lyze all-cause and cause-specific mortality rates from a 
mortuary-based survey in Kisumu; ii) compare Kisumu 
mortality rates with mortality data for overall Kenya; 
and iii) compare Kisumu mortality data with mortality 

rates for LMICs (data from the Global Health Data 
Exchange).

Methods
Study design and population
We conducted a study in Kisumu County, which is 
located in the western part of Kenya and has a popula-
tion of approximately 1.1 million people [24]. The study 
occurred at two of the county’s largest mortuaries, 
Jaramogi Oginga Odinga Teaching and Referral Hos-
pital (JOOTRH) and Kisumu County Referral Hospital 
(KCRH). These two hospital-based mortuaries accounted 
for 42% of the deaths reported to Kisumu East City Reg-
istry, which received three quarters of all deaths in the 
county in 2017 [25]. We consecutively enrolled all dece-
dents irrespective of age who had died at the hospitals or 
were brought in dead and admitted to the two mortuaries 
between April and July 2019. We abstracted demographic 
and cause of death data for decedents from mortuary 
records, hospital files and post-mortem reports. These 
data were used for re-certification and coding of cause of 
death using International Classification of Diseases and 
Related Health Problems 10th Revision (ICD10) codes. 
Comparative data for mortality in Kenya and LMICs were 
derived from the IHME’s Global Health Data Exchange. 
The exchange contains annual results through 2019 for 
all-cause and cause-specific deaths, and these are freely 
available online [21]. These results are available by coun-
try as well as by country or regional grouping using the 
socio-demographic index (SDI); a metric for measur-
ing development; which has been found to be similar in 
LMICs [26]. A total of 90 countries have been grouped 
in the LMICs grouping in the data exchange; majority 
which are in SSA [21].

Coding for cause of death
For Kisumu data, a panel of medical officers trained 
in cause-of-death determination and ICD10 coding 
abstracted data from hospital records onto a paper-based 
customized data collection tool that were used to docu-
ment information to support the assignment of immedi-
ate, antecedent and underlying causes of death for each 
of the decedents. The abstracted data included a sum-
mary of conditions, medical history and diagnosis before 
death, presenting complaints, laboratory and radiological 
investigations, HIV status and symptoms documentation. 
An individual panel member assigned the final underly-
ing cause of death on the tool, and a panel discussion was 
held to determine cause of death when it was not clear 
to individual panelists. Health record information officers 
assigned ICD10 codes based on the final cause of death, 
entered these data onto an electronic tool and submitted 
the codes to the study database.
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Cause of death for Kisumu was analyzed using Analyz-
ing Mortality Levels and Causes-of-Death (ANACoD) 
tool, version 2.0 (World Health Organization, Geneva, 
Switzerland). The Microsoft® Excel-based tool provided a 
stepwise approach that enabled the comprehensive analy-
sis of ICD-10-coded data and categorized the underlying 
causes of death into GBD Groups I, II or III [23]. Group 
I causes include communicable diseases, maternal and 
perinatal conditions and nutritional deficiencies, Group 
II includes non-communicable diseases, and Group III 
includes external causes of mortality or injuries.

Calculating mortality rates
For Kisumu County mortality rates, we first annualized 
the number of deaths for Kisumu County based on the 
proportion of deaths reported to the Kisumu East Civil 
Registry (in whose catchment area the participating mor-
tuaries are located) during a 12-month period in 2019 
and the reported coverage of all deaths in the county 
by the Kisumu East Civil Registry. We calculated the 
annual crude mortality rate by dividing the total num-
ber of deaths in 2019 by the reported population in the 
census conducted in the same year [24] and expressed 
it as deaths per 100,000 population. Age-specific and 
cause-specific mortality rates were calculated by divid-
ing the numbers of deaths in an age group and the deaths 
assigned to each cause by the population in each category 
for that year and expressed as deaths per 100,000 popula-
tion. To allow for comparison across the three geographi-
cal areas, we calculated age-standardized mortality rates 
(SMR) for all-cause mortality and GBD classes. This was 
done by applying the age-specific rates to the 2019 Kenya 
population distribution as the standard [24]. Decedents 
missing a cause of death, age or sex were not included in 
the analysis. For the Kenya and LMICs mortality rates 
per 100,000 population, the Global Health Data Exchange 
provides downloadable data tables on global all-cause 
and cause-specific deaths by geographical locations, GBD 

class, age, sex and year of interest. Summary tables were 
created to compare all-cause and cause-specific mortality 
data from Kisumu County, Kenya and LMICs by age, sex 
and GBD class.

Results
Kisumu study enrollment
In total, 1004 decedents were admitted into the two mor-
tuaries during the study period; half of whom were male 
(50.9%), and the majority (69.4%) from JOOTRH. Of all 
the decedents, 66 (6.6%) were stillbirths and four (0.4%) 
had missing age. We analyzed data for these 934 dece-
dents excluding stillbirths and those with missing ages 
for all-cause mortality.

From the 934, after excluding decedents who 
were either ineligible or unavailable (deteriorated, 
dead> = 48 hours, burns or already embalmed) for the 
study, there were 851 eligible decedents; 555 (65.2%) died 
at the hospital, and the remainder were brought in dead. 
Of the 555, we were able to retrieve hospital records for 
456 (82.2%), and among these, 14 (3.1%) did not receive a 
final cause of death as their hospital records were incom-
plete. We analyzed data for 442 records that had a docu-
mented cause of death for cause-specific mortality.

All‑cause mortality
The all-cause SMR in Kisumu County was one and half 
times that of all of Kenya (1118 vs. 659 per 100,000 popu-
lation respectively), and twice that of LMICs (547 per 
100,000 population) (Table  1). Among women, the all-
cause SMR in Kisumu (1150 per 100,000 population) was 
almost twice that of Kenya and double of LMICs (606 and 
518 per 100,000 population, respectively). Among men, 
all-cause SMR in Kisumu (1089 per 100,000 population) 
was one and a half times higher than in Kenya (713 per 
100,000 population) and nearly twice that of LMICs (574 
per 100,000 population).

Table 1 Age-standardized all-cause mortality per 100,000 population by GBD class and sex; Kisumu, Kenya & LMIC 2019

SMR standardized mortality rate, LMIC low- and middle-income countries
a Group I - Communicable, perinatal, maternal and nutritional conditions
b Group II - Non-communicable diseases
c Group III –Injuries

Kisumu Kenya LMIC

Both Sexes
(column%)

Female
(column%)

Male
(column%)

Both Sexes
(column%)

Female
(column%)

Male
(column%)

Both Sexes
(column%)

Female
(column%)

Male
(column%)

Group  Ia 524 (46.8) 530 (46.1) 549 (50.4) 329 (49.9) 310 (51.1) 349 (49.0) 175 (32.0) 177 (34.1) 174 (30.3)

Group  IIb 537 (48.0) 595 (51.8) 448 (41.1) 286 (43.4) 272 (44.9) 300 (42.0) 318 (58.1) 304 (58.8) 329 (57.4)

Group  IIIc 58 (5.2) 24 (2.1) 92 (8.5) 44 (6.7) 24 (4.0) 64 (9.0) 54 (9.8) 37 (7.1) 71 (12.3)

smr 1118 (100) 1150 (100) 1089 (100) 659 (100) 606 (100) 713 (100) 547 (100) 518 (100) 574 (100)
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In Kisumu, communicable and non-communicable 
diseases contributed equally to all-cause SMR: 524 and 
537 per 100,000 population, respectively (Table 1). Non-
communicable diseases contributed most to all-cause 
SMR among women (51.8% of deaths or 595 per 100,000 
population) while communicable diseases accounted for 
most deaths among men (50.4% of all deaths or 549 per 
100,000 population). Injuries resulted in a greater per-
centage of deaths among men (8.5%) than women (2.1%) 
in Kisumu.

In Kenya, communicable diseases accounted for half 
of all-cause mortality (329 per 100,000 population), or 
49.9% of all deaths. For both women and men in Kenya, 
communicable diseases contributed most to all-cause 
SMR (310 and 349 per 100,000 population respectively), 
representing 51.1 and 49.0% of deaths in the two groups. 
In LMICs, non-communicable diseases accounted for 
majority of all-cause SMR overall (58.1%), and by individ-
ual sex. Overall, Kenya and LMICs had higher all-cause 
mortality among men compared to women. Injury-
related deaths affected more men than women in all geo-
graphical areas, with mortality from injuries among men 
at least twice that of women except in LMICs.

In Kisumu, the age-specific mortality rate among those 
under 1 (6058 per 100,000 population) was nearly twice 
that of Kenya and LMICs (3157 and 3485 per 100,000 
population, respectively) (Table  2). Mortality rates 
tended to increase with age across all geographies after 
childhood, with Kisumu having higher mortality rates 
compared to Kenya and LMICs (Table 2 & Fig. 1).

Cause‑specific mortality
In Kisumu, we observed a high burden of Group I deaths 
for ages 0–44 years; 0–55 years in Kenya and 0–29 years 
in LMIC (Table  3 & Fig.  2). In general, deaths attribut-
able to Group I diseases decreased with age, while those 
resulting from Group II increased with age.

Discussion
We found that the all-cause SMR in Kisumu County was 
one and a half times higher than that of all of Kenya and 
twice that of LMICs. The all-cause SMR in Kenya was 
17% higher (659 vs. 547 per 100,000 population respec-
tively) than that of all LMICs. In Kisumu County, death 
was caused by Group I diseases (communicable diseases, 
maternal conditions and nutritional deficiencies) and 
Group II (non-communicable diseases) diseases equally. 
Two verbal autopsy-based DSS studies in Western 
Kenya, however, found differing results. First, a study in 
a Kisumu County DSS site between 2011 and 2015 found 
that Group I diseases, accounted for 43% of all deaths 
with HIV/AIDS and malaria as the leading causes of 
death while non-communicable diseases represented 34% 

of deaths and injuries represented 7% [27]. Another DSS-
based study in neighboring Siaya County between 2003 
and 2010 ascribed 60% of deaths to communicable dis-
eases and 37% of deaths to non-communicable diseases 
[8]. It has been thought that for Kenya in general com-
municable diseases continue to predominate the over-
all disease burden even as non-communicable diseases 
gradually increase with the aging population [28]. While 
this may be the case at the country level, our study find-
ings indicate that Group II diseases are a notable cause of 
mortality in Kisumu County, which has higher mortality 
rates due to non-communicable diseases than Kenya as a 
whole. This finding needs to be explored further and con-
sidered during future public health programming in the 
county.

The 2015 and 2017 GBD studies found that Group I 
causes of death accounted for about one fifth of deaths 
globally [2, 29] and more than half of all deaths in low-
income countries [29]. We found that Group I diseases 
represented 50.5 and 31.6% of all-cause mortality in 
Kenya and LMICs respectively. The patterns of all-cause 
mortality rates in Kenya are similar to hospital-based 
studies conducted in neighboring countries of Tanza-
nia and Ethiopia, which reported more than half of their 
deaths were due to the Group I category while about one 
third were caused by Group II diseases [15, 16]. Over-
all, Group III causes (injuries) across all geographical 
areas of analysis had the lowest contribution to all-cause 
mortality.

Group II causes of death represented the highest bur-
den of mortality among women in Kisumu while men 
experienced a higher burden of Group I related mor-
tality. In Kenya, Group I diseases contributed to more 
than half of deaths among women (52.0%) and 49.2% of 
deaths among men. In LMICs, Group II diseases con-
tributed more than half of the mortality overall (58.1%) 
and in both sexes. The proportion of adult deaths due to 
injuries in Kisumu was higher among men than women, 
similar to trends in other SSA countries [15, 30]. Across 
all geographical areas, there was a high burden of Group 
I causes of death in ages 0–44 with a switch to Group II 
CODs in older age groups. Infant mortality was notably 
high in all geographical areas but significantly higher in 
Kisumu County compared to Kenya and LMICs; high 
infant mortality rates in SSA have been documented [31, 
32].

There are a few possible reasons why all-cause and 
cause-specific mortality rates in Kisumu differ from those 
in Kenya as a whole. First, Kisumu has an HIV prevalence 
more than three times that of the national prevalence, 
17.5% compared to the national HIV prevalence of 4.9% 
[33]. While the country has made great gains in curbing 
the HIV epidemic, HIV remains one of the leading causes 
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of mortality both in the country in general [28, 34] and in 
Kisumu in particular [27]. Second, Kisumu is in a region 
where malaria is highly endemic and a major cause of 
hospitalizations and deaths [27, 35, 36].

Limitations
This study has several limitations. The two hospitals 
selected for this study were not randomly sampled from 
all hospitals within Kisumu County. The deaths in these 
hospitals represented 42% of the Kisumu East Registry, 
which captured 75% of all reported deaths in the county. 

Both hospitals are referral hospitals in an urban setting 
and are, thus, more likely to receive the most critical 
cases in the county and region. As such, patients attend-
ing these hospitals may be biased towards conditions that 
present with chronicity and complications, such as neo-
natal, pre-term and non-communicable conditions. This 
trend was observed in a hospital-based study in Tanzania 
[15]. While hospital mortality may not be a true reflec-
tion of deaths from various causes in the general popula-
tion; it can give insight into the burden of diseases in the 
community and may be valuable in evaluating health care 

Table 2 All -cause age-specific mortality rates per 100,000 population, Kisumu, Kenya & LMIC 2019 

MR mortality rate per 100,000 population, LMIC low- and middle-income countries

Age
(Years)

KISUMU MR (95% CI) KENYA MR (95% CI) LMIC MR (95% CI)

Female Male Both Sexes Female Male Both Sexes Female Male

Under 1 6058 
(5771–6355)

5130 
(4759–5523)

6980 
(6547–7434)

3157 
(3124–3190)

2817 
(2773–2861)

3485 
(3436–3535)

3485 
(3370–3603)

3323 
(3211–3438)

3636 (3519–
3756)

1–4 590 
(546–636)

515 
(458–577)

665 
(600–736)

242 
(237–246)

239 
(233–246)

244 
(238–250)

207 
(180–237)

210 
(183–240)

204 (177–234)

5–9 172 
(152–195)

181 
(152–215)

163 
(135–195)

65 (63–67) 55 (53–58) 73 (70–77) 70 (55–88) 68 (53–86) 72 (56–91)

10–14 146 
(129–166)

160 
(134–189)

133 
(109–161)

62 (60–64) 51 (49–54) 72 (69–75) 59 (45–76) 54 (41–70) 63 (48–81)

15–19 308 
(279–339)

189 
(158–225)

429 
(380–482)

132 
(129–135)

104 
(100–108)

160 
(155–164)

97 (79–118) 88 (71–108) 106 (87–128)

20–24 390 
(355–428)

355 
(310–405)

433 
(378–494)

174 
(170–178)

143 
(138–148)

206 
(200–212)

142 
(120–167)

120 (99–143) 164 (140–191)

25–29 898 
(839–960)

874 
(795–957)

929 
(841–1023)

226 
(221–231)

217 
(210–223)

236 
(229–243)

167 
(143–194)

139 
(117–164)

195 (169–224)

30–34 1081 
(1014–1151)

1240 
(1142–1343)

902 
(813–997)

326 
(320–332)

321 
(313–330)

330 
(322–339)

214 
(186–245)

172 
(147–200)

257 (227–290)

35–39 1384 
(1294–1479)

1597 
(1456–1749)

1201 
(1087–1325)

485 
(477–494)

456 
(444–467)

516 
(504–528)

288 
(256–323)

227 
(198–259)

349 (313–388)

40–44 1621 
(1512–1735)

1450 
(1302–1611)

1774 
(1620–1940)

695 
(685–706)

621 
(607–636)

770 
(754–786)

391 
(353–432)

313 
(279–350)

470 (428–514)

45–49 1787 
(1649–1934)

2283 
(2057–2526)

1337 
(1173–1517)

945 
(931–959)

807 
(789–827)

1081 
(1059–1102)

537 
(493–584)

413 
(374–455)

661 (612–713)

50–54 2143 
(1974–2324)

2248 
(2010–2506)

2027 
(1790–2287)

1240 
(1221–1259)

997 
(973–1022)

1478 
(1448–1507)

828 
(773–886)

687 
(637–740)

969 (909–1032)

55–59 1810 
(1648–1985)

1447 
(1254–1661)

2264 
(1994–2561)

1605 
(1581–1628)

1217 
(1189–1246)

1992 
(1955–2030)

1219 
(1152–1289)

968 
(908–1031)

1478 (1404–
1555)

60–64 2650 
(2438–2876)

2479 
(2206–2775)

2869 
(2539–3229)

2238 
(2207–2270)

1677 
(1639–1715)

2817 
(2766–2868)

1839 
(1756–1925)

1533 
(1457–1612)

2163 (2073–
2256)

65–69 2825 
(2575–3093)

2890 
(2554–3258)

2756 
(2388–3164)

3176 
(3133–3220)

2445 
(2393–2498)

3947 
(3877–4017)

2735 
(2633–2839)

2337 
(2243–2434)

3162 (3053–
3274)

70–74 6078 
(5658–6521)

6084 
(5521–6688)

6070 
(5449–6743)

4834 
(4774–4895)

3950 
(3876–4024)

5847 
(5750–5946)

4204 
(4078–4333)

3713 
(3595–3834)

4738 (4604–
4875)

75–79 8044 
(7377–8755)

7649 
(6819–8551)

8656 
(7564–9861)

7299 
(7200–7399)

6335 
(6214–6458)

8575 
(8410–8743)

6337 
(6182–6495)

5717 
(5570–5867)

7057 (6893–
7224)

80+ 14,460 
(13668–
15,287)

15,984 
(14933–
17,090)

11,923 
(10762–
13,176)

14,084 
(13970–
14,199)

13,247 
(13106–
13,389)

15,620 
(15427–
15,815)

13,007 
(12784–
13,232)

12,263 
(12047–
12,482)

14,002 (13771–
14,236)

Total 1081 (1062–
1100)

1108 (1081–
1135)

1053 (1026–
1080)

585 
(583–587)

528 
(525–530)

643 
(640–646)

701 
(650–755)

646 
(597–698)

755 (702–811)



Page 6 of 9Waruiru et al. BMC Public Health         (2022) 22:1828 

delivery systems of the country and, if followed serially, 
can be an important component of mortality surveillance. 
Slightly more than a third (34.8%; n = 296) of the eligible 
decedents who were brought in dead were excluded from 

the cause of death analysis as they had no accompanying 
hospital record or postmortem conducted. The potential 
bias for exclusion of these cases could not be determined. 
Additionally, there was evidence of poor record keeping 

Fig. 1 All-cause mortality by age in Kisumu, Kenya & LMICs, 2019

Table 3 Cause-specific mortality per 100,000 population by GBD class and age, Kisumu, Kenya & LMIC 2019

LMIC low- and middle-income countries

Group I - Communicable, perinatal, maternal and nutritional conditions

Group II - Non-communicable diseases

Group III –Injuries

KISUMU KENYA LMIC

Ages (Years) Group I Group II Group III All Cause Group I Group II Group III All Cause Group I Group II Group III All Cause

Under 1 4675 525 – 6058 2848 277 32 3157 3003 422 60 3485

1–4 326 78 – 589 213 18 11 242 153 30 24 207

5–9 195 173 – 172 50 8 7 65 40 15 15 70

10–14 105 86 – 146 43 10 9 62 27 15 17 59

15–19 147 212 45 307 84 23 25 132 32 25 39 97

20–24 153 125 27 390 105 31 38 174 43 38 61 142

25–29 447 439 184 898 150 40 36 226 53 52 62 167

30–34 850 450 – 1081 230 59 37 326 69 82 64 214

35–39 917 136 143 1385 342 100 43 485 89 132 67 288

40–44 732 554 59 1622 458 186 51 695 105 219 68 391

45–49 754 1071 87 1788 571 308 65 945 118 348 71 537

50–54 523 1135 219 2142 635 512 92 1240 146 602 80 828

55–59 686 1354 – 1810 681 813 111 1605 187 942 90 1219

60–64 1193 1307 269 2651 760 1333 145 2238 263 1470 106 1839

65–69 347 2054 – 2826 889 2086 201 3176 383 2211 141 2735

70–74 924 5310 235 6076 1298 3273 264 4834 626 3391 187 4204

75–79 2157 5543 426 8045 1872 5056 371 7299 929 5139 269 6337

80+ 1978 11,207 659 14,460 3821 9661 602 14,084 2149 10,347 510 13,007

All 516 512 56 1081 316 228 41 585 186 452 63 701
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or file storage, data incompleteness and unavailability 
of hospital files. Among the hospital deaths, 20% were 
excluded either because their files could not be retrieved, 
or cause of death could not be determined due to incom-
plete records. We assumed that the records obtained had 
accurate data and could not determine the potential bias 
of the missing records on cause-specific mortality. Kenya 
and LMICs mortality data are restricted to the multi-
ple sources of data available at the Global Health Data 
Exchange with varying quality. Finally, we were unable 
to subtract deaths that occurred in Kisumu from overall 
Kenyan mortality data and deaths that occurred in Kenya 
from overall LMICs data. However, as Kisumu County 
represents only 1.4% of the population of Kenya, these 
corrections are unlikely to change our conclusions and, 
if we had been able to make them, would have made the 
differences only more pronounced.

Conclusions
All-cause mortality is higher in Kisumu County than in 
Kenya as a whole. The county is faced with a high burden 
of both communicable and non-communicable diseases, 
and infant mortality remains of particular concern. It is 
important to consider the double burden of mortality due 
to both GBD Group I and Group II diseases, with special 
attention to management of conditions leading to infant 
mortality as well as HIV and malaria-related mortality, 
when prioritizing public health interventions. Our study 
has shown the importance of having reliable vital regis-
try systems that collect complete and accurate data in 
all sub-areas of the country as the causes of deaths and 
trends in mortality can be heterogeneous. Such data will 

help the country to efficiently work towards attaining 
national targets as well as global sustainable development 
goals related to mortality.

Abbreviations
ANACoD: Analyzing Mortality Levels and Causes-of-Death; CDC: Centers for 
Disease Control and Prevention; COD: Cause of Death; CRVS: Civil Registra-
tion and Vital Statistics; DSS: Demographic Surveillance Sites; GBD: Global 
Burden of Disease; HIV/AIDS: Human Immunodeficiency Virus Infection/
Acquired Immunodeficiency Syndrome; IHME: Institute for Health Metrics and 
Evaluation (IHME),; ICD10: International Classification of Diseases and Related 
Health Problems 10th Revision; JOORTH: Jaramogi Oginga Odinga Teaching 
and Referral Hospital; KCRH: Kisumu County Referral Hospital; KEMRI: Kenya 
Medical Research Institute’s Scientific and Ethics Review Unit; LMICs: Low-and-
middle income countries; NASCOP: National AIDS and STI Programme; SDI: 
Socio-demographic Index; SMR: Standardized Mortality Rate; SSA: Sub-Saha-
ran Africa; UCSF: University of California, San Francisco.

Acknowledgements
The authors acknowledge the contributions of the hospital and mortuary staff 
at JOORTH and KCRH and the laboratory staff at KEMRI/CRC without whom 
this manuscript would not have been possible. The authors also appreciate 
the thoughtful comments of reviewers that improved the manuscript.

Authors’ contributions
WW contributed to the study design, implementation and wrote the manu-
script. WW & AS analyzed the data. AS, VO, DO, AW, MM, PY, SM, LN and JO 
provided technical support in the survey design and implementation and 
reviewed the manuscript. CN & GW reviewed the manuscript. The author(s) 
read and approved the final manuscript.

Funding
This study and publication were made possible through funding by the 
President’s Emergency Plan for AIDS Relief (PEPFAR) through the Centers for 
Disease Control and Prevention (CDC) under the terms of Cooperative Agree-
ment Number: 6NU2GGH001520.

Availability of data and materials
Data and materials used for this study are available from the corresponding 
author upon request.

Fig. 2 Cause-specific Mortality by GBD and Age, Kisumu, Kenya & LMICs



Page 8 of 9Waruiru et al. BMC Public Health         (2022) 22:1828 

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with relevant guidelines and 
regulations. Study approval and the need of consent to be waived (given 
the study involved minimal risk to the subjects and the research could not 
practicably be carried out without the waiver) was obtained from the follow-
ing ethics committees: Kenya Medical Research Institute’s Scientific and Ethics 
Review Unit (#KEMRI/RES/7/3/1), JOOTRH ethics review committee (#ERC.
IB/VOL.1/615) and the Committee on Human Research of the University of 
California, San Francisco Committee on Human Research (#230355). The study 
was also reviewed in accordance with the U.S. Centers for Disease Control and 
Prevention (CDC) human research protection procedures and was determined 
to be research on data from deceased persons (#2018–256).

Consent for publication
Not applicable.

Competing interests
We, the authors, have no conflicts of interests to declare.

Author details
1 Institute for Global Health Sciences, University of California, San-Francisco, 
USA. 2 Ministry of Health, National AIDS and STI Control Program (NASCOP), 
Nairobi, Kenya. 3 United Nations Poulation Fund, Vientiane, Laos. 4 Kisumu 
County Department of Health, Kisumu, Kenya. 5 US Centers for Disease Control 
and Prevention (CDC), Division of Global HIV & TB, Nairobi, Kenya. 6 Global 
Programs for Research and Training (GPRT), Nairobi, Kenya. 7 Ministry of Health, 
Office of Director General, Nairobi, Kenya. 8 Jaramogi Oginga Odinga Teaching 
and Referral Hospital, Kisumu, Kenya. 

Received: 26 April 2021   Accepted: 25 August 2022

References
 1. Fottrell E. Dying to count: mortality surveillance in resource-poor settings. 

Glob Health Action. 2009. https:// doi. org/ 10. 3402/ gha. v2i0. 1926.
 2. GBD 2017 Causes of Death Collaborators. Global, regional, and national 

age-sex-specific mortality for 282 causes of death in 195 countries and 
territories, 1980–2017: a systematic analysis for the Global Burden of Dis-
ease Study 2017. Lancet. 2018. https:// doi. org/ 10. 1016/ S0140- 6736(18) 
32203-7.

 3. AbouZahr C, Cleland J, Coullare F, et al. The way forward. Lancet. 2007. 
https:// doi. org/ 10. 1016/ S0140- 6736(07) 61310-5.

 4. Baingana FK, Bos ER. Changing patterns of disease and mortality in 
sub-Saharan Africa: an overview. In: Jamison DT, Feachem RG, Makgoba 
MW, et al., editors. Disease and mortality in sub-Saharan Africa. 2nd ed. 
Washington (DC): The International Bank for Reconstruction and Devel-
opment/The World Bank; 2006.

 5. Nojilana B, Groenewald P, Bradshaw D, Reagon G. Quality of cause of 
death certification at an academic hospital in Cape Town. South Africa S 
Afr Med J. 2009;99(9):648–52.

 6. Adjuik M, Smith T, Clark S, et al. Cause-specific mortality rates in sub-
Saharan Africa and Bangladesh. Bull World Health Organ. 2006. https:// 
doi. org/ 10. 2471/ blt. 05. 026492.

 7. Sankoh O. Global health estimates: stronger collaboration needed with 
low- and middle-income countries. PLoS Med. 2010. https:// doi. org/ 10. 
1371/ journ al. pmed. 10010 05.

 8. Phillips-Howard PA, Laserson KF, Amek N, et al. Deaths ascribed to non-
communicable diseases among rural Kenyan adults are proportionately 
increasing: evidence from a health and demographic surveillance system, 
2003-2010. PLoS One. 2014. https:// doi. org/ 10. 1371/ journ al. pone. 01140 
10.

 9. Herbst AJ, Mafojane T, Newell ML. Verbal autopsy-based cause-specific 
mortality trends in rural KwaZulu-Natal, South Africa, 2000-2009. Popul 
Health Metrics. 2011. https:// doi. org/ 10. 1186/ 1478- 7954-9- 47.

 10. Negin J, Wariero J, Cumming RG, Mutuo P, Pronyk PM. High rates of AIDS-
related mortality among older adults in rural Kenya. J Acquir Immune 
Defic Syndr. 2010. https:// doi. org/ 10. 1097/ QAI. 0b013 e3181 e9b3f2.

 11. Anker M. The effect of misclassification error on reported cause-specific 
mortality fractions from verbal autopsy. Int J Epidemiol. 1997. https:// doi. 
org/ 10. 1093/ ije/ 26.5. 1090.

 12. Kamali A, Wagner HU, Nakiyingi J, Sabiiti I, Kengeya-Kayondo JF, Mulder 
DW. Verbal autopsy as a tool for diagnosing HIV-related adult deaths in 
rural Uganda. Int J Epidemiol. 1996. https:// doi. org/ 10. 1093/ ije/ 25.3. 679.

 13. GBD 2016 Causes of Death Collaborators. Global, regional, and national 
age-sex specific mortality for 264 causes of death, 1980–2016: a system-
atic analysis for the Global Burden of Disease Study 2016. Lancet. 2017. 
https:// doi. org/ 10. 1016/ S0140- 6736(17) 32152-9.

 14. Mathers CD, Loncar D. Projections of global mortality and burden of 
disease from 2002 to 2030. PLoS Med. 2006;3(11):e442. https:// doi. org/ 10. 
1371/ journ al. pmed. 00304 42.

 15. Mboera LEG, Rumisha SF, Lyimo EP, et al. Cause-specific mortality patterns 
among hospital deaths in Tanzania, 2006-2015. PLoS One. 2018. https:// 
doi. org/ 10. 1371/ journ al. pone. 02058 33.

 16. Misganaw A, Mariam DH, Araya T, Ayele K. Patterns of mortality in public 
and private hospitals of Addis Ababa. Ethiopia BMC Public Health. 2012. 
https:// doi. org/ 10. 1186/ 1471- 2458- 12- 1007.

 17. Ali H, Kiama C, Muthoni L, et al. Evaluation of an HIV-Related Mortuary 
Surveillance System Nairobi, Kenya, Two Sites, 2015. MMWR Surveill 
Summ. 2018;67(14):1–12.

 18. Nyagah LM, Young PW, Kim AA, Wamicwe J, Kimani M, Waruiru W, et al. 
HIV-related deaths in Nairobi, Kenya: results from a HIV mortuary surveil-
lance study, 2015. J Acquir Immune Defic Syndr. 2019;81(1):18–23.

 19. Kipsaina C, Ozanne-Smith J, Bartolomeos K, Routley V. Mortuary based 
injury surveillance for low-mid income countries: process evaluation of 
pilot studies. Injury. 2015. https:// doi. org/ 10. 1016/j. injury. 2015. 06. 005.

 20. Le Coeur S, Halembokaka G, Khlat M, et al. Impact of AIDS on adult mor-
tality: a morgue-based study in Pointe-Noire, Republic of Congo. AIDS. 
2005. https:// doi. org/ 10. 1097/ 01. aids. 00001 84926. 98497. 0e.

 21. Institute for Health Metrics and Evaluation (IHME). Global Health Data 
Exchange. http:// ghdx. healt hdata. org/ gbd- resul ts- tool Accessed 23 Mar 
2021.

 22. World Health Organization. International statistical classification of 
diseases and related health problems, 10th revision, fifth edition, 2016. 
World Health Organization. 2015. https:// apps. who. int/ iris/ handle/ 10665/ 
246208. Accessed 13 Sept 2022.

 23. Murray CJL, Lopez AD. World Health Organization, World Bank& Harvard 
School of Public Health. The Global burden of disease : a comprehensive 
assessment of mortality and disability from diseases, injuries, and risk 
factors in 1990 and projected to 2020 : summary / edited by Christopher 
J. L. Murray, Alan D. Lopez. World Health Organization. 1996. https:// apps. 
who. int/ iris/ handle/ 10665/ 41864. Accessed 13 Sept 2022.

 24. Kenya National Bureau of Statistics. 2019 Kenya Population and Housing 
Census. https:// www. knbs. or. ke/? page_ id= 3142 Accessed 19 Aug 2020.

 25. Department of Vital Statistics. Kenya Vital Statistics Report (KVSR). 2017.
 26. Ranabhat CL, Jakovljevic M, Dhimal M, Kim CB. Structural factors respon-

sible for universal health coverage in low- and middle-income countries: 
results from 118 countries. Front Public Health. 2020. https:// doi. org/ 10. 
3389/ fpubh. 2019. 00414.

 27. Sifuna P, Otieno L, Ogwang S, Ogutu B, Andagalu B, Owuoth J, et al. 
Cause-specific mortality in the Kombewa health and demographic sur-
veillance systems site, rural Western Kenya from 2011–2015. Glob Health 
Action. 2018;11:1.

 28. Achoki T, Miller-Petrie MK, Glenn SD, Kalra N, Lesego A, Gathecha GK, et al. 
Health disparities across the counties of Kenya and implications for policy 
makers, 1990–2016: a systematic analysis for the global burden of disease 
study 2016. Lancet Glob Heal. 2019;7:e81–95.

 29. GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, 
and national life expectancy, all-cause mortality, and cause-specific 
mortality for 249 causes of death, 1980–2015: a systematic analysis for 
the Global Burden of Disease Study 2015. Lancet. 2016. https:// doi. org/ 
10. 1016/ S0140- 6736(16) 31012-1.

 30. Chisumpa VH, Odimegwu CO, Saikia N. Adult mortality in sub-Saharan 
Africa: cross-sectional study of causes of death in Zambia. Tropical Med 
Int Health. 2018;24:10.

https://doi.org/10.3402/gha.v2i0.1926
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/S0140-6736(07)61310-5
https://doi.org/10.2471/blt.05.026492
https://doi.org/10.2471/blt.05.026492
https://doi.org/10.1371/journal.pmed.1001005
https://doi.org/10.1371/journal.pmed.1001005
https://doi.org/10.1371/journal.pone.0114010
https://doi.org/10.1371/journal.pone.0114010
https://doi.org/10.1186/1478-7954-9-47
https://doi.org/10.1097/QAI.0b013e3181e9b3f2
https://doi.org/10.1093/ije/26.5.1090
https://doi.org/10.1093/ije/26.5.1090
https://doi.org/10.1093/ije/25.3.679
https://doi.org/10.1016/S0140-6736(17)32152-9
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1371/journal.pone.0205833
https://doi.org/10.1371/journal.pone.0205833
https://doi.org/10.1186/1471-2458-12-1007
https://doi.org/10.1016/j.injury.2015.06.005
https://doi.org/10.1097/01.aids.0000184926.98497.0e
http://ghdx.healthdata.org/gbd-results-tool
https://apps.who.int/iris/handle/10665/246208
https://apps.who.int/iris/handle/10665/246208
https://apps.who.int/iris/handle/10665/41864
https://apps.who.int/iris/handle/10665/41864
https://www.knbs.or.ke/?page_id=3142
https://doi.org/10.3389/fpubh.2019.00414
https://doi.org/10.3389/fpubh.2019.00414
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1016/S0140-6736(16)31012-1


Page 9 of 9Waruiru et al. BMC Public Health         (2022) 22:1828  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

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

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 31. Hug L, Sharrow D, Sun Y, Marcusanu A and You D. Levels and trends in 
child mortality: Estimates Developed by the UN Inter-agency Group for 
Child Mortality Estimation. https:// docum ents. world bank. org/ en/ publi 
cation/ docum ents- repor ts/ docum entde tail/ 35838 15084 20391 876/ 
levels- and- trends- in- child- morta lity- report- 2017 Accessed 17 Sept 2020.

 32. Van Malderen C, Amouzou A, Barros AJD, Masquelier B, Van Oyen H, 
Speybroeck N. Socioeconomic factors contributing to under-five mortal-
ity in sub-Saharan Africa: a decomposition analysis. BMC Public Health. 
2019. https:// doi. org/ 10. 1186/ s12889- 019- 7111-8.

 33. National AIDS and STI Control Programme (NASCOP), Preliminary KEN-
PHIA 2018 Report. Nairobi: NASCOP; 2020.

 34. Economic Survey 2018. Kenya National Bureau of Statistics. www. knbs. or. 
ke Accessed 19 Aug 2020.

 35. National Malaria Control Programme (NMCP), Kenya National Bureau 
of Statistics (KNBS), and ICF International. 2016. Kenya Malaria Indicator 
Survey 2015. Nairobi.

 36. Kapesa A, Kweka EJ, Atieli H, et al. The current malaria morbidity and 
mortality in different transmission settings in Western Kenya. PLoS One. 
2018. https:// doi. org/ 10. 1371/ journ al. pone. 02020 31.

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

https://documents.worldbank.org/en/publication/documents-reports/documentdetail/358381508420391876/levels-and-trends-in-child-mortality-report-2017
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/358381508420391876/levels-and-trends-in-child-mortality-report-2017
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/358381508420391876/levels-and-trends-in-child-mortality-report-2017
https://doi.org/10.1186/s12889-019-7111-8
http://www.knbs.or.ke
http://www.knbs.or.ke
https://doi.org/10.1371/journal.pone.0202031

	All-cause and cause-specific mortality rates for Kisumu County: a comparison with Kenya, low-and middle-income countries
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design and population
	Coding for cause of death
	Calculating mortality rates

	Results
	Kisumu study enrollment
	All-cause mortality
	Cause-specific mortality

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


