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Background: In low- and middle-income countries, the burden of chronic kidney disease
(CKD) is rising due to poor access to early detection and management services. In Ethiopia,
little is known about the context-specific risk factors and their magnitude, particularly the
dietary habit of patients is not studied. Therefore, this study aimed to identify the dietary and
other risk factors of CKD in Northeast Ethiopia.

Methods: We conducted a facility-based unmatched case—control study utilizing quantita-
tive method of data collection. Data were collected on a total of 66 cases and 134 controls
using structured questionnaire and anthropometric measurements. Dietary habit was assessed
using the Diet History Questionnaire (DHQ). Medical history, patient chart review and
physical examination were employed to collect other relevant information. To identify
independent predictors of CKD, we conducted a multivariable logistic regression analysis.
Results: About 54.5% cases and 46.3% of controls were female, while 40.9% of cases and
38.8% of controls were within the age group of 36-55. All cases and 128 (95.5%) controls
consumed meat in the last year. Forty-six (69.7%) cases and 74 (55.2%) controls use palm oil
as the main cooking oil. History of hypertension (adjusted odds ratio (AOR)=2.39; 95%CI:
1.17-4.89), anemia (AOR=2.38; 95%CI: 1.04-5.42), palm oil use (AOR=2.10; 95%CI:
1.01-4.35) and family history of CKD (AOR=8.77; 95%CI: 3.73-20.63) were significantly
associated with the risk of having CKD.

Conclusion: Meat consumption and use of palm oil are higher among patients with CKD than
controls. History of hypertension, anemia, family history of CKD and palm oil consumption were
found to be risk factors for CKD. Dietary counseling interventions and dietary modifications might
help in CKD prevention. Furthermore, routine urinalysis and estimation of glomerular filtration
rate (GFR) for all hospitalized patients with hypertension and anemia could help to detect CKD at
an earlier stage for a better prognosis.
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Introduction

The rapid rise in the burden of chronic noncommunicable diseases (NCDs) is
leading to extensive social, economic, and health consequences, particularly in
low- and middle-income countries (LMICs). According to the World Health
Organization (WHO) report, NCDs kill 41 million people each year worldwide,
equivalent to 71% of all deaths." In 2012, the major NCDs accounted for
38 million (68%) of the world’s total deaths, more than 40% of them were
premature deaths under age of 70 years.> Due to rapid urbanization, demographic
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transition, lifestyle change, and increase in population
aging, the burden of NCDs is rising in LMICs.> Almost
three-quarters of all NCD deaths, and the majority of
premature deaths (82%), occur in LMICs.>** According
to the World Economic Forum, NCD such as cardiovas-
cular diseases (CVDs) and diseases of the kidney, are
a severe threat to global economic development due to
the long-term costs of treatment and the negative effects
on population productivity.>°

As in any other NCDs, chronic kidney diseases (CKDs)
are also among the growing public health problem, with a 9%
annual increase in the number of patients worldwide.”
A meta-analysis on 44 countries estimated the worldwide
prevalence of CKD to be 13.4% (95%CI: 11.7-15.1%).%
Similarly, the most recent Global Burden of Diseases
(GBD) study indicated the prevalence of CKD worldwide
estimated to be 9.1%, and it caused 1.2 million deaths in
2017.° The prevalence is estimated to be 15% higher in
LMICs compared with high-income countries.'” CKD is
associated with an increase in CVD and premature mortality,
with detrimental societal and economic challenges.'' '

Studies have shown behavioral factors such as smoking,
physical inactivity, unhealthy dietary pattern, and alcohol
consumption are related with CKD."*'® Furthermore, over-
weight, high blood pressure, diabetes, and anemia are also
associated with higher risk of CKD.'"*!” Socioeconomic
factors such as older age, lower income and gender are
also considered as distal risk factors.'*'®

In 2013, the World Health Assembly endorsed a set of
actions organized to prevent and control noncommunic-
able diseases between 2013 and 2020, which will help to
achieve national and international goals set by
countries.>' Despite the presence of goals and action
plans, NCDs including CKD are continuing to be the
most important public health problem, particularly in
LMICs. This could be attributed to poor community
awareness, higher prevalence of risk factors, and poor
access to screening services. Early detection and treatment
can prevent or minimize complications associated with
CKD;*° however, the majority of CKD cases might not
be recognized early because of the patients’ lack of aware-
ness about CKD and associated risk factors.>' In LMICs,
prevention and control strategies are limited due to inade-
quacy of evidence on contextual risk factors. In Ethiopia,
the magnitude and risk factors of CKD are not well stu-
died. Hence, the present study aimed to identify the dietary

and other risk factors of CKD in Northeast Ethiopia.

Materials and Methods
Study Setting, Design and Participants

We conducted a facility-based unmatched case—control
study in Dessie referral hospital, Northeast Ethiopia,
from April to May 2019 . The hospital was established
in 1962 and currently provides a service to an average of
800,000 patients annually. The cases were all patients with
confirmed CKDs who had followup in Dessie referral
hospital, whereas controls were outpatients who were
attending the same hospital during the study period and
confirmed as not having CKD. CKD was defined as glo-
merular filtration rate (GFR) <60 mL/min/1.73 m? for >3
months.”* CKD patients aged >18 years with a minimum
of two creatinine records were included. Critically ill
patients and pregnant women were excluded. The sample
size (68 cases and 134 controls) for the study was deter-
mined using Epi Info version 7.1 (Center for Disease
Control and Prevention, Atlanta, Georgia), assuming
a 54.8 percentage of risk factors among controls
(obesity),23 a 2.75 OR, a 95%CI, an 80% power, and an
expectation of 10% nonresponse rate. Cases and controls
were selected randomly.

Data Collection and Quality Control

Data were collected using the Open Data Kit (ODK)
(Apache Software Foundation, Forest Hill, Maryland)
platform. We collected information on socioeconomic sta-
tus including education and occupation, self-reported per-
sonal and family history of chronic diseases using
a structured questionnaire. To assess the dietary habit of
individuals, the Diet History Questionnaire (DHQ) was
of Health,
Epidemiology and Genetics research program.”* It was

adapted from the National Institute
used to ascertain the usual dietary intake one year prior
to data collection and included staple foods and beverages
grouped into 11 sections: (1) cereals; (2) legumes, nuts
and seeds; (3) vegetables; (4) fruits; (5) organ and flesh
meat; (6) fish; (7) milk and dairy products; (8) eggs; (9)
oils and fats; (10) sweets; and (11) spices, condiments,
beverages. For each food group, cases and controls were
asked to describe the frequency (per day, per week, per
month and per year) they consumed each specific food
group. All foods consumed inside or outside the home, no
matter where they were prepared were included. Very
small food quantities less than one tablespoon were
excluded. Each food group had dichotomous yes/no
responses with the subsequent frequency of consumption.
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In addition, the type of cooking oil was assessed and
dichotomized in to either palm or liquid oil by showing
the picture of commonly used brands. Trained data col-
lectors captured the dietary data.

Height was taken using a stadiometer when the respon-
dent was standing straight and without shoes. The readings
were taken at the apex of the head with 0.1 cm precision.?®
Weight was taken using Seca digital weighting scale and
subjects were requested to remove footwear, heavy clothes
and heavy items from their pockets. Measurements were
taken to 0.1 kg precision. All measurements were taken
twice and the average was recorded.”® Body mass index
(BMI) was calculated by dividing weight in kilograms (kg)
by height in meters (m) squared (BMI=kg/m2).** Two
blood pressure readings were taken from right arm using
a manual sphygmomanometer after the participant had
remained in a seated position for five minutes with his or
her arm resting on the chair.

To identify controls we used a standard phlebotomy
procedures and drew 5 mL of whole blood from an antecu-
bital vein into dry tubes for serum creatinine test and collect
10 mL urine for urinalysis. Plasma creatinine was measured
by enzymatic colorimetric assay using Olympus AU 640
(Southend-on-Sea, United Kingdom). Chronic Kidney
Disease Epidemiology Collaboration (CKD EPI) equation
was used to calculate estimated GFR. Assay variation was
checked daily with an internal quality assessment scheme,
and the coefficient of variation for each test to be below 5%.

To control the data quality, three days training was
given for all data collectors on interviewing technique,
sample collection and handling by medical doctors and
senior nurses. Supervisors monitored data collection pro-
cess daily and the principal investigator visited the data
collection frequently. Ten percent of the questionnaire
was pretested among similar patients in Woldiya
checked until
Cronbach’s alpha 0.7 was reached. Completeness and

Hospital. Internal consistency was
consistency of the collected data were checked during
data collection. Anthropometric equipment was cali-
brated after every measurement to control fallacy. Both
intra-observer and interobserver variation were checked
during training of anthropometric measurement and the
training continued until the coefficient of variation less
than 3% was reached. All laboratory instruments were
calibrated to improve sample quality and reliability.
Laboratory tests were done according to manufacturer’s
instructions.

Data Analysis

The collected data using ODK were downloaded from
the server in the form of CSV file, then exported to the
Statistical Package for Social Sciences (SPSS) software
version 23.0 (IBM Corporation, Armonk, NY, USA) for
further processing and analysis. Descriptive summaries,
including frequencies, proportions and cross-tabulations
were used to present study results. For continuous vari-
ables, mean with SD or median with IQR were com-
puted. Bivariable logistic regression was used to assess
the crude association between variables and CKD and to
identify variables for consideration in the multivariable
model. Those variable with P-value <0.3 were included
to multivariable logistic regression. To identify dietary
and other predictors of CKD, multivariable analysis was
performed using binary logistic regression. Model fit was
checked using Hosmer and Lemeshow goodness of fit
test. Finally, predictors with a P-value <0.05 were con-
sidered statistically significant and OR with 95%CI were
used to describe the association.

Results
Sociodemographic Characteristics of

Participants

A total of 200 adults 66 cases and 134 controls were
enrolled into the study, making the response rate 99%
and 100% respectively. Of which, 36 (54.5%) cases and
62 (46.3%) of controls were female. The mean age of
participants was 50.9 years (SD: 16.5) and 46 (SD: 16.3)
for cases and controls respectively. Twenty-seven (40.9%)
cases and 52 (38.8%) controls were within the age group
of 36 to 55 years. The average family size was 5.1 (SD:
2.1) and 4.5 (SD: 2.2) persons per household among cases
and controls respectively. Above three-quarters (75.8%) of
cases and 96 (71.6%) controls were married, while
6 (9.1%) cases and 21 (15.7%) controls were single.
More than one-fifth 14 (21.2%) and 29 (21.6%) cases
and controls respectively, were unable to read and write.
The majority 83.3% of cases and 102 (76.1%) controls
reported average monthly income above 1001 Ethiopian
Birr (~31.3USD) per month. (Table 1)

Dietary History of Study Participants

All cases and controls consumed a cereal based diet within
one year prior to data collection, of which 41 (62.1%) and
99 (73.3%) cases and controls respectively, ate three or
more times a day. All cases and controls consumed
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Table | Sociodemographic Characteristics of the Study Participants in Dessie Referral Hospital, 2019
Variables Category Cases N (%) Controls N (%) P-value
Sex Male 30 (45.5) 72 (53.7) 0.27
Female 36 (54.5) 62 (46.3)
Age (years) 18-35 14 (21.2) 42 (31.3) 0.28
36-55 27 (40.9) 52 (38.8)
56+ 25 (37.9) 40 (29.9)
Marital status Single 6 (9.1) 21 (15.7) 0.60
Married 50 (75.8) 96 (71.6)
Divorced 4 (6.1) 8 (6)
Widowed 6 (9.1) 9 (6.7)
Educational status Cannot read and write 14 (21.2) 29 (21.6) 0.34
Primary education (1-8) 20 (30.3) 55 (41)
Secondary education (9-12) 15 (22.7) 19 (14.2)
Tertiary education (>12) 17 (25.8) 31 (23.1)
Monthly household income <500 4 (6.1) 6 (4.5) 0.27
501-1000 7 (10.6) 26 (19.4)
1001+ 55 (83.3) 102 (76.1)

legumes and nuts, of which 28 (42.4%) cases and 76
(56.7%) controls consumed once to twice a day. All
cases and controls consumed vegetables within a year
before the study, among them 11 (16.7%) cases and 26
(16.9%) controls consumed vegetables twice per week.
About 65 (98.5%) cases and 120 (89.6%) controls con-
sumed fruits within a year before the study, of which 19
(28.8%) and 14 (10.4%) cases and controls respectively,
consumed two to three times per month.

All cases and 128 (95.5%) controls consumed meat,
whereas 21 (31.8%) cases and 39 (29.1%) controls con-
sumed fish within a year before the study, of which 12
(18.2%) cases and 24 (17.9%) controls consumed meat
once per month, and eight (12.1%) cases and 11 (8.2%)
controls consumed fish one to six times per year. More
than two thirds 57 (86.4%) of cases and 125 (93.3%)
controls consumed milk, of which 13 (19.7%) cases and
17 (12.7%) controls consumed two to three times per
month. Fifty-six (84.8%) cases and 109 (81.3%) controls
consumed egg, of which 10 (15.2%) and 25 (18.7%) cases
and controls consumed two to three times per month.
Nearly all 64 (97%) cases and 123 (91.8%) controls con-
sumed condiments and beverages within a year before the
study, of which 24 (36.4%) cases and 59 (44%) controls
consumed once to twice daily. (Table 2)

About 65 (98.5%) cases and 132 (98.5%) controls have
consumed oils and fats, of which 15 (22.7%) and 60

(44.8%) cases and controls consumed three or more
times per day respectively. About 46 (69.7%) cases and
74 (55.2%) controls use solid (palm) oil as the main
cooking oil. More than half (63.6%) cases and 81
(60.4%) controls consumed sugary foods, among them

Table 2 Dietary History of CKD Patients and Controls One
Year Before the Study Period in Dessie Referral Hospital, 2019

Variables Category | Cases Controls
N (%) N (%)
Vegetable Yes 66 (100) 134 (100)
consumption No 0 0
Fruit consumption Yes 65 (98.5) 120 (89.6)
No 1 (1.5) 14 (10.4)
Meat consumption Yes 66 (100) 128 (95.5)
No 0 6 (4.5)
Fish consumption Yes 21 (31.8) 39 (29.1)
No 45 (68.2) 95 (70.9)
Milk consumption Yes 57 (86.4) 125 (93.3)
No 9 (13.6) 9 (6.7)
Egg consumption Yes 56 (84.8) 109 (81.3)
No 10 (15.2) 25 (18.7)
Condiments Yes 64 (97) 123 (91.8)
consumption No 2 (3) 11 (8.2)
Total 66 134
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19 (28.8%) cases and 11 (8.2%) controls have consumed
seven to eleven times per year.

Anthropometric Data and Medical

Conditions

About 11 (16.7%) cases and 30 (22.4%) controls were over-
weight, while none of the cases and nine (6.7%) controls
were underweight. Thirty-six (54.5%) cases and 46 (34.3%)
controls, and 32 (48.5%) cases and 55 (41.0%) controls had
history of hypertension and diabetes mellitus respectively.
Twenty-four (36.4%) cases and 20 (14.9%) controls, and 4
(6.1%) cases and 13 (9.7%) controls had a history of anemia
and tuberculosis respectively. More than one-tenth (12.1%)
of cases and 10 (7.5%) controls had a history of osteoporosis.
None of the cases and controls had a history of cancer and
chemotherapy for cancer treatment. Twenty-nine (43.9%)
cases and 10 (7.5%) controls had a family history of kidney
disease. Forty-one (62.1%) cases and 70 (52.2%) controls,
and 16 (24.2%) cases and 25 (18.7%) controls took anti-
inflammatory drug and herbal medication respectively,
within a year before the study period (Table 3).

Table 3 Medical Conditions and Nutritional Status of Study
Participants in Dessie Referral Hospital, 2019

Variables Category Cases Controls
N (%) N (%)
Hypertension Yes 36 (54.5) 46 (34.3)
No 30 (45.5) 88 (65.7)
Diabetes mellitus Yes 32 (48.5) 55 (41.0)
No 34 (51.5) 79 (59.0)
Anemia Yes 24 (36.4) 20 (14.9)
No 42 (63.6) 114 (85.1)
Tuberculosis Yes 4 (6.1) 13 (9.7)
No 62 (93.9) 121 (90.3)
Osteoporosis Yes 8 (I2.1) 10 (7.5)
No 58 (87.9) 124 (92.5)
Cancer Yes 0 0
No 66 (100) 134 (100)
Use of anti- Yes 41 (62.1) 70 (52.2)
inflammatory drug No 25 (37.9) 64 (47.8)
Nutritional status Underweight | 0 9 (6.7)
Normal 55 (83.3) 95 (70.9)
Overweight I (16.7) 30 (22.4)
Total 66 134

Risk Factors of Chronic Kidney Disease
Among seven variables entered to the multivariable logistic
regression, four variables were significantly associated with
CKD. The odds of having CKD are 2.4 times higher for
patients who have a history of hypertension than nonhyper-
tensive patients (AOR=2.39; 95%CI: 1.17-4.89). Similarly,
the odds of having CKD is 2.1 times higher for patients who
use palm oil compared with those who consume vegetable oil
(AOR=2.10; 95%CI: 1.01-4.35). Furthermore, the odds of
CKD are 8.8 times higher for individuals who have a family
history of kidney disease than those with no family history of
(AOR=8.77;  95%CIL:  3.73-20.63).
Individuals who had a history of anemia have 2.4 times
higher odds of having CKD than those without a history of
anemia (AOR=2.38; 95%CI: 1.04-5.42) (Table 4).

kidney disease

Discussion

In this study, we found that the majority of cases and
controls consume cereals three or four times per day.
Higher consumption of meat and palm oil use was observed
among cases than controls. A higher proportion of anemia
and family history of CKD was observed among cases than
controls. Moreover, this study identified palm oil use,
hypertension, anemia and family history of CKD were sig-
nificantly associated with a higher likelihood of CKD.

All cases and controls consumed a cereal-based diet
within a year prior to the study; most of them eat three or
more times daily. A study by Hu et al indicated higher
consumption of carbohydrate diet is a risk for renal
diseases;”’ this can be due to excess consumption of
cereal-based diet resulting in obesity, which promotes a
decrease in GFR and an increase in proteinuria.”® All cases
and controls consumed legumes and nuts within a year, the
majority consumed one or two times daily.

In our study, meat consumption is higher among cases
than controls, which is coherent with a meta-analysis of
case—control studies, which showed high intake of meat
and red meat as a risk for renal disease.”>** This could be
due to high meat protein intakes resulting in increased
dietary acid loads and compensatory increases in renal
acid excretion and ammonia production, leading to meta-
bolic acidosis with a higher risk for tubulointerstitial
injury.®!
mended for the prevention of kidney damage.*?

Restricted protein intake is therefore recom-

In this study, lower consumption of milk was observed
among cases than controls, which is coherent with a study
conducted by Gopinath et al that reported dairy products have
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Table 4 Risk Factors of CKD in Dessie Referral Hospital, 2019

Variables Category Chronic Kidney Disease COR (95%Cl) AOR (95%ClI)
Yes No

Hypertension Yes 36 46 2.29 (1.26-4.19) 2.39 (1.17-4.89)*
No 30 88 | |

Family history of CKD Yes 29 10 9.71 (4.33-21.78) 8.77 (3.73-20.63)**
No 37 124 | |

Type of oil use Solid 46 74 1.87 (0.99-3.49) 2.10 (1.01-4.35)*
Liquid 20 60 | [

History of anemia Yes 24 20 3.26 (1.63-6.49) 2.38 (1.04-5.42)*
No 42 114 | [

Diabetes mellitus Yes 32 55 1.35 (0.74-2.44) 0.90 (0.42—-1.90)
No 34 79 | |

Taking anti-inflammatory drug Yes 41 70 1.49 (0.82-2.73) 1.21 (0.59-2.49)
No 25 64 | |

Age 18-35 14 42 | |
36-55 27 52 1.56 (0.73-3.34) 1.67 (0.65—4.24)
256 25 40 1.88 (0.864.11) 2.17 (0.79-5.92)

Note: Statistically significant at *P<0.05, **P<0.01.

Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; BMI, body mass index; CKD, chronic kidney disease; CKD EPI, Chronic Kidney Disease Epidemiology
Collaboration; CVD, cardiovascular disease; GFR, glomerular filtration rate; LMICs, low- and middle-income countries; NCD, non-communicable disease; ODK, Open Data Kit.

a protective effect on CKD.* The possible reason might be the
anti-inflammatory properties of dairy foods that subsequently
decrease oxidative stress and renal damage.***’

In our study, the risk of having CKD was higher among
those with a history of hypertension than those who do not
have. This finding is consistent with several related
studies,”*>® which reported hypertension as the main
risk factor of CKD. This could be due to the kidney
being unable to function properly unless adequately per-
fused with intact blood stream. Unless detected and treated
early, hypertension might lead to fatal consequences such
as stroke and renal failure stroke. Thus, GFR and albumi-
nuria should be determined for hypertensive patients at
a regular interval for earlier detection of CKD to take
appropriate measures accordingly. Then using antihyper-
tensive agents regularly and controlling blood pressure
(BP) is essential for hypertension patients to reduce the
rate of progression to renal damage.

The present study indicated that consumption of palm
oil is associated with high risk of CKD. This finding is in
line with various studies that reported individuals who
consumed mostly saturated fat were deemed to have
a higher risk of reduced renal function, and those with

higher levels of high density lipoprotein (HDL) cholesterol

were associated with a lower risk for CKD.>**? Thus,
reducing the consumption of palm oil and replacing with
vegetable oil could help in the prevention of the disease.
Dietary counseling for patients with CKD who are under
follow-up could help to slow progression of the diseases
and prevent associated premature mortality.***

Our study also found that a family history of kidney
disease is associated with higher risk of CKD, which is
supported by studies done in Debre Berhan referral hospi-
tal and Southern Ethiopia.**** This finding necessitate
routine urinalysis and estimation of GFR for all hospita-
lized patients who had a family history of kidney disease,
and assessing family history of kidney disease in patients
with renal complaint is essential. Furthermore, individuals
who had a family history of kidney disease should develop
a habit of hospital visits for routine kidney checkups.

This study found, the odds of having CKD is higher
among patients with a history of anemia. Several studies
found higher prevalence of anemia among patients with
CKD and the prevalence increased with worsening kidney
function.*®***® Several mechanisms of anemia have been
indicated; including decreased red cell life span, abnormal
iron metabolism, chronic inflammation, and metabolic

47-50

abnormalities. Therefore, routine hemoglobin and
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hematocrit checkups, and iron supplementation should be
considered for patients with CKD to improve quality of
life, reduce disease progression and mortality.

The present study should be interpreted considering the
following limitations. Firstly, it considers food groups
instead of food items, and the actual intake of food and
nutrients were not estimated and weighed. Secondly, the
effect size of family history of CKD has a wide confidence
interval, which indicates less precision. However, it
remains significant and the lower bound of 95%CI is
high, showing it is an important risk factor.

Conclusion

Our study found that higher consumption of meat, cereal
based diet and palm oil is observed among CKD cases
than controls, so nutritional counseling and dietary mod-
ification plays an important role in prevention of CKD.
Hypertension, family history of CKD, and palm oil use
were found to be risk factors of CKD. Moreover, higher
prevalence of anemia observed among CKD patients than
their counter controls. Thus, emphasis should be given for
hypertensive, anemic and individuals with a family history
of CKD in routine urinalysis and GFR estimation, and risk
management services for better prognosis.
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