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1 | INTRODUCTION

| Linda M. Mobula MD, MPH3** |

Abstract

The burden of chronic kidney disease (CKD) is rapidly rising in developing countries
due to astronomical increases in key risk factors including hypertension and diabe-
tes. We sought to assess the burden and predictors of CKD among Ghanaians with
hypertension and/or diabetes mellitus in a multicenter hospital-based study. We
conducted a cross-sectional study in the Ghana Access and Affordability Program
(GAAP) involving adults with hypertension only (HPT), hypertension with diabetes
mellitus (HPT + DM), and diabetes mellitus only (DM) in 5 health facilities in Ghana.
A structured questionnaire was administered to collect data on demographic vari-
ables, medical history, and clinical examination. Serum creatinine and proteinuria
were measured, and estimated glomerular filtration rate derived using the CKD-EPI
formula. A multivariable logistic regression model was used to identify factors asso-
ciated with CKD. A total of 2781 (84.4%) of 3294 participants had serum creatinine
and proteinuria data available for analysis. The prevalence of CKD was 242 (28.5%)
among participants with both DM and HPT, 417 (26.3%) among participants with
HPT, and 56 (16.1%) among those with DM alone. Predictors of CKD were increasing
age aOR 1.26 (1.17-1.36), low educational level aOR 1.7 (1.23-2.35), duration of HPT
OR, 1.02 (1.01-1.04), and use of herbal medications aOR 1.39 (1.10-1.75). Female
gender was protective of CKD aOR 0.75 (0.62-0.92). Among patients with DM, in-
creasing age and systolic blood pressure were associated with CKD. There is high
prevalence of CKD among DM and hypertension patients in Ghana. Optimizing blood
pressure control and limiting the use of herbal preparations may mitigate CKD occur-

rence in high cardiovascular risk populations in developing countries.

type Il diabetes mellitus (DM), obesity, dyslipidemia, and chronic kid-
ney disease (CKD).2

Non-communicable diseases (NCDs) are on the rise in low- and mid-
dle-income countries (LMICs).! This epidemiological transition is due
to the adoption of western lifestyles with changes in nutrition, rapid
urbanization, and aging population as a result of relatively improved
health care systems.? This has culminated in burgeoning epidemics

of cardiovascular risk factors and diseases such as hypertension,

CKD is increasing in incidence and prevalence worldwide and is es-
timated to be between 10% and 13% globally.*> CKD has now emerged
as a significant public health challenge in sub-Saharan Africa with a re-
ported prevalence of 13.9% in a meta-analysis.® The prevalence of CKD
in Ghana has been shown to be 13.3% in a recent study.” As a non-

communicable disease, CKD has not received the necessary attention
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in most countries in sub-Saharan Africa including Ghana.® CKD is as-
sociated with increasing morbidity and mortality and also known to
impact negatively on quality of life.? Progression of CKD to end-stage
kidney disease (ESKD) is an important burden to the health care system
in most LMICs as most patients cannot afford renal replacement ther-
apy.t% There is therefore the need to identify common causes of CKD
and screen for CKD in patients with DM and hypertension, which are
the major risk factors for the development of CKD.

Hypertension has a global burden of 26%, affecting 972 million
people in 2000, 639 million of which live in LMICs.™ The prevalence
of hypertension in Ghana varies widely from 4.5% to 54.6% accord-
ing to the Ghana Demographic and Health Survey being highest
among urban dwellers.'? CKD has been shown to occur in almost
half of patients with hypertension in Ghana *° and also an indepen-
dent risk factor for the development of other NCD such as stroke,
ischemic heart diseases, and hypertension.14 Hypertension, DM, and
CKD in these settings are under-recognized, untreated, or under-
treated due to a combination of factors in developing countries.*®

DM is projected to rise from 171 million in 2000 to 366 million in
2030 with an estimated prevalence of 4.4% worldwide.*® The prev-
alence of DM in Ghana was 6.4% in a community-based study.17 DM
is known to be the most common cause of CKD worldwide > but
the second most common cause in Ghana.*® When diagnosed early,
most NCDs can be properly managed to decrease morbidity and
mortality with lifestyle changes, dietary modifications and appropri-
ate medicines when required.

Management of NCDs is, however, challenged by access to qual-
ity medicines due to unavailability and high costs in LMICs."? Where
medicines are available, they are often of generic brands and not
quality assured. However, innovator brands of essential cardiovascu-
lar medicines are often expensive and not within the reach of many
individuals living in resource-limited settings. Hence, innovative
strategies are urgently needed to improve access to quality-assured
cardiovascular medicines for the control of NCDs in under-served
populations of the world.

The Ghana Access and Affordability Program (GAAP) pilot study
is a prospective cohort study in which Ghanaian adults with hyper-
tension and or DM were enrolled to assess differential pricing as an
intervention for improved access to innovator-branded study med-
ications. The prevalence of CKD among patients with hypertension
and DM has not yet been assessed in a multicenter study in Ghana.
We sought to narrow this knowledge gap by evaluating the prev-
alence and factors associated with occurrence of CKD among the
GAAP study population.

2 | METHODS

2.1 | Study design and participants

The Ghana Access and Affordability Program (GAAP) pilot study is
a prospective cohort study involving adults with hypertension only
(HPT), hypertension with diabetes mellitus (HPT + DM), and diabetes
mellitus only (DM) at five health facilities situated in ecological zones
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of Ghana to capture rural, semi-urban, and urban settings across the
country. Participants at enrollment visit had serum creatinine and
level of proteinuria measured to assess the burden of CKD. The
GAAP pilot study is supported by three biopharmaceutical compa-
nies and the Bill and Melinda Gates Foundation to evaluate whether
differential pricing of innovator brands of antihypertensive and an-
tiglycemic medications in Ghana would lead to improved access and
affordability. The health facilities included in the study were Agogo
Presbyterian Hospital (APH), Atua Government Hospital, (AGH),
Komfo Anokye Teaching Hospital, (KATH), Kings Medical center,
(KMC), and the Tamale Teaching Hospital, (TTH). Ethical approval
was obtained from all study sites before the commencement of the
study. The study protocol has been published.?°

2.2 | Eligibility criteria

Participants were eligible for inclusion if they were aged 18 years
and above with a known diagnosis of hypertension and or type Il
DM.

Hypertension was defined as the presence of a persistently el-
evated systolic blood pressure 2140 mm Hg and/or diastolic blood
pressure 290 mm Hg in patients who were 18 years and above, and
were on antihypertensive drugs at enrollment visit. Diabetes mel-
litus was defined as a fasting blood glucose 27 mmol/L on two or
more occasions, a random blood glucose 211.1 mmol/L with symp-
toms, HbA, - of >6.5%, and on medications for treatment of type 2
diabetes mellitus.

Patients with known type | DM were excluded as well as those
with hypertensive urgencies/emergencies, hyperglycemic, or hypo-
glycemic emergencies at enrollment visit.

2.3 | Evaluation of study participants

Trained research assistants obtained a written informed consent
from all participants before they were enrolled into the study.
Demographic information including age, gender, educational attain-
ment, employment status, and lifestyle behaviors such as alcohol
use, cigarette smoking, level of physical activities, frequency and
daily quantities of fruits and vegetable consumption as well as table
added salt were assessed through interviews and responses col-
lected on a questionnaire. A detailed medical history including dura-
tion of diagnosis of HPT or DM and doses of medications currently
being taken were obtained.

Anthropometric evaluations including measurement of weight,
height, and waist circumference were performed by trained study
nurses. Body mass index (BMI) of each participant was then derived
by dividing the weight in kilograms by the square of the height in
meters. Individuals were classified as physically active if they were
regularly involved in moderate exercise (walking, cycling, or garden-
ing) or strenuous exercise (jogging, football, and vigorous swimming)
for 4 hours or more per week. Alcohol use was categorized into cur-
rent users (users of any form of alcoholic drinks) or never/former
drinker, while alcohol intake was categorized as low drinkers (1-2
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drinks per day for female and 1-3 drinks per day for male) and high
drinker (>2 drinks per day for female and >3 drinks per day for male.
1 drink or 1 unit of alcohol = 8 g of alcohol). Smoking status was de-
fined as current smoker (individuals who smoked any tobacco in the
past 12 months) or never or former smoker. Vegetable and fruit in-
take was assessed based on number of daily servings per week. The
Ghana Statistical Services defines urban residence as settlements
with population >20 000, peri-urban as settlements with population
size between 5000 and 19 999, and rural residence as those with

population <5000.

2.4 | Laboratory measurements

To ensure standardization across all study sites, an International
Organization for Standardization (ISO)-certified and quality-as-
sured laboratory was contracted to run all biochemical panels
which included serum creatinine and hemoglobin A1C for all par-
ticipants with diabetes. Samples were transported to the labora-
tory by trained phlebotomists on the same day of collection often
within 4 hours or where not feasible (KMC and AGH sites), and
samples were stored in a freezer before transported to the labo-
ratory the next day. Estimated glomerular filtration rate (eGFR)
was determined from serum creatinine using CKD-EPI formula.?*
The CKD-EPI creatinine equation is based on four variables and
uses the 2-slope spline to model the relationship between serum
creatinine and estimated eGFR based on age, sex, and race. It has
been shown to be more accurate than the Modification of Diet
in Renal Disease (MDRD) Study equation for populations with
GFR >60 mL/1.73 m?.2! CKD was defined as either eGFR <60 mL/
min/1.73 m? with or without trace proteinuria and above or eGFR
260 mL/min with proteinuria according to the Kidney disease

Improving Global outcome (KDIGO).??

2.5 | Statistical analysis

For baseline characteristics, means were compared using Student's
t test for 2-group comparisons and proportions were compared
using chi-squared tests or Fisher's exact test for proportions with
subgroupings <5. A multivariable logistic regression model was fit-
ted to identify factors associated with CKD defined as either eGFR
<60 mL/min/1.73 m? with or without trace proteinuria and above or
eGFR 260 mL/min with proteinuria according to the Kidney disease
Improving Global outcome (KDIGO).?? Independent variables evalu-
ated included the following socio-demographic factors: age, gender,
location of residence, and employment status; lifestyle/behavioral
factors: included previous cigarette smoking, current alcohol use,
physical activity, table added salt, fruit and vegetable intake; health
system factors: level of health care institution (primary, secondary,
or tertiary); and patho-biologic factors: central obesity, duration of
hypertension or diabetes, number of antihypertensive medications,
and baseline systolic and diastolic BP as well as baseline HBA1c.
Variable selection was based on clinical and empirical significance of
covariates in the model. Variables were included in the multivariate

analyses upon meeting a P-value cutoff of <0.05 in bivariate unad-
justed regression analysis. In all analyses, two-tailed P < 0.05 were
considered statistically significant. Statistical analysis was per-

formed using GraphPad Prism version 7 and SPSS version 20.

3 | RESULTS

3.1 | Prevalence of CKD in the study population

The study included 3294 participants from all the 5 study sites. A
total of 2781 (84.4%) participants had serum creatinine and pro-
teinuria data at baseline available for analysis. Among those with
serum creatinine and/or proteinuria data, 1585 (57.0%) participants
had hypertension, 348 (12.5%) had DM only, and 848 (30.5%) had
both DM and hypertension. From the entire study cohort, CKD was
foundin 715 (25.7%). Out of 715 participants with renal impairment,
15 (2.1%) had stage 5 CKD, 35 (4.9%) had stage 4 CKD, 358 (50.1%)
had stage 3 CKD, and 307 (42.9%) had eGFR 260 mL/min but with
significant proteinuria of trace or higher.

The prevalence of CKD was 242 (28.5%) among participants with
both DM and hypertension, 417 (26.3%) among participants with hy-
pertension, and 56 (16.1%) among those with DM alone. The ma-
jority, 2108 (84.0%) had no proteinuria, 4.4% had trace proteinuria,
8.6% had 1 + proteinuria, and 3.1% had proteinuria of 2 + or more.

3.2 | Demographic and clinical characteristics of
participants according to CKD status

The mean age in years of participants with CKD was higher as
compared to those without CKD 60.5 + 12.3 versus 56.2 + 12.4;
(P <.0001). There were significantly less proportion of females with
CKD 527 (73.7%) as compared to participants without CKD 1627
(78.8%) P = .005. The mean duration of hypertension in years was
higher in patients with CKD as compared to participants without
CKD (8.9 + 8.2 versus 7.4 + 7.0, P < .0001). Mean systolic blood
pressure was higher in participants with CKD than those without
145.6 + 23.2 versus 139.3 £ 21.5, P < .0001 but mean diastolic pres-
sures were not significantly different. The mean duration of DM in
years was also higher among participants with CKD as compared to
those without CKD 10.1 + 7.6 versus 8.8 + 6.5, P = .0043. In ad-
dition, study participants with CKD compared with those without
CKD were involved in less regular physical activity 426 (59.6) versus
1327 (64.2), P = .03, and used more herbal medications in the past
six months 131 (18.3) versus 288 (13.9), P = .0048. Comparisons be-

tween the two groups are depicted in Table 1.

3.3 | Predictors of CKD among Ghanaians with
DM and or hypertension

Predictors of CKD in the entire cohort of DM and hypertension re-
ported as adjusted odds ratio (aOR) include increasing age, aOR
of 1.26 (1.17-1.36), P < .001, low educational status, aOR of 1.70
(1.23-2.35), P = .001, increase duration of hypertension in years, aOR
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TABLE 1 Comparison of demographic

and clinical characteristics of study

participants with chronic kidney disease

(CKD) and those without

of 1.02 (1.01-1.04), P = 0001, and reported use of herbal preparations
aOR of 1.39 (1.10-1.75), P = .006 as shown in Table 2. Female gender
was, however, protective of CKD (aOR of 0.75 (0.61-0.93), P = .008).
The use of ACE-I and ARBs was not significantly protective of CKD.

Characteristic
Age, mean = SD
Female, n (%)
Location of residence, n (%)
Urban
Semi-urban
Rural
Highest educational status
No formal education
Primary level
Secondary level
Tertiary level or more
Level of health institution
Tertiary level
Secondary level
Primary level
Hypertension alone, n (%)
Diabetes alone, n (%)
Hypertension and Diabetes, n (%)
Lifestyle/behavioral factors
Current alcohol use, n (%)
Current cigarette smoking, n (%)
Previous cigarette use, n (%)
Regular Physical activity, n (%)
Body Mass Index, mean + SD
Waist Circumference, mean £ SD
Laboratory data
HBA1C, mean + SD
Fasting blood glucose, mean + SD

Serum total cholesterol,
mean * SD

LDL cholesterol, mean + SD
HDL cholesterol, mean =+ SD
Triglyceride, mean = SD

Use of renoprotective medication
ACE-I alone, n (%)
ARB alone, n (%)
ARB + ACE-1, n (%)

Neither use of ARB nor use of
ACE-1, n (%)

Use of herbal treatments over
the past 6 months

Participants with
CKD (N = 715)

60.5+12.3
527 (73.7)

277 (38.7)
163(22.8)
275 (38.5)

297 (41.5)
104 (14.5)
250 (35.0)
64 (9.0)

349 (48.8)
360 (50.3)
6(0.9)
417 (58.3)
56(7.8)
242 (33.8)

58(8.1)
1(0.1)

47 (6.6)
426 (59.6)
264+54
96.0+12.8

8525
9.3+4.4
5513

3.5+£1.2
1.3+£0.5
1.8+1.1

272 (38.0)
192 (26.8)
12 (1.7)

239 (33.4)

131 (18.3)

WILEY- 5%

Participants without

CKD (N = 2066) P-value
56.2+12.4 <.0001
1627 (78.8) .005
A48
844 (40.9)
473 (66.2)
744 (36.0)
.002
728 (35.2)
377(18.2)
709 (34.3)
250(12.1)
<.0001
1139 (55.1)
829 (40.0)
98 (4.7)
1168 (56.5) .39
292 (14.1) <.0001
606 (39.3) .02
166 (8.0) .95
11 (0.5) 17
136 (6.6) .99
1327 (64.2) .03
26.6 £5.5 .32
95.7 £13.2 .65
8.8x2.6 .08
9.3+4.1 .83
54+x14 .30
3.5+1.2 91
1.3+0.5 45
1.5+0.8 .0004
A2
802 (38.8)
467 (22.6)
39(1.9)
758 (36.7)
288 (13.9) .0048

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;

SD, standard deviation.

Among participants with only hypertension, factors associ-
ated with CKD included increasing age, aOR of 1.14 (1.04-1.26),
P = .006, secondary level as highest level of education, aOR of 2.0
(1.28-+++3.14), P = .002, increase in systolic blood pressure for



5% | WiLEY

TANNOR ET AL.

TABLE 2 Factors associated with

Unadjusted OR Adjusted OR (95% .. . .
Predictor (95% Cl) P-value an P-value chronlc kidney fj|sease amo!'lg Ghanaians
with hypertension and/or diabetes

Age, each 10 year older  1.34(1.22-1.43)  <.0001 1.26 (1.17-1.36) <.0001 mellitus
Female gender 0.76 (0.62-0.92)  0.006 0.75 (0.61-0.93) .008
Educational level

Primary/none 1.41(1.05-1.90)  0.02 1.47 (1.07-2.02) .02

Secondary 1.39(1.02-1.89) 0.04 1.70(1.23-2.35) .001

Tertiary 1.00 1.00
Duration of 1.03(1.02-1.05)  <.0001 1.02 (1.01-1.04) .0001

hypertension
Duration of diabetes 1.01(0.99-1.02) 0.24 — —
mellitus

Regular exercise

Yes 1.00 1.00

No 1.24 (1.04-1.48) 0.02 1.18(0.98-1.41) .07
BMI, each 5 kg/m2 rise 0.96 (0.89-1.04) 0.31 — —
WC, each 5 cm rise 1.02 (0.95-1.08) 0.65 — -
Use of ACE-Il and or ARB

None 1.00 1.00

ACE-I 1.08 (0.88-1.31) 0.48 0.94 (0.76-1.16) .56

ARB 1.32(1.06-1.65) 0.01 1.09 (0.86-1.38) 47

ARB + ACE-I 0.87 (0.45-1.66) 0.66 0.79 (0.40-1.58) .51
Use of herbal 1.38(1.10-1.74)  0.005 1.39 (1.10-1.75) .006

preparations

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;

BMI, body mass index; SD, standard deviation; WC, waist circumference.

each 10 mm Hg rise, aOR of 1.08, (1.02-1.14), P = .004, and the use
of herbal preparations, 1.38, (1.02-1.86), P =.03 as shown in Table 3.

Among patients with DM, increasing age (aOR 1.49 (1.30-1.70)
P < .0001) and 10 mm Hg rise in systolic blood pressure (aOR 1.09
(1.02-1.16) were the predictors of CKD.

3.4 | Factors associated with proteinuria

The presence of proteinuria in the entire cohort was associated with
no/primary educational level, aOR of 1.82 (1.22 - 2.73); P = .004, sec-
ondary educational level, aOR of 1.57 (1.02 - 2.39); P = .04 as compared
with tertiary educational attainment as a referent group. In addition,
each 10 mm Hg increase in systolic blood pressure was associated with
an aOR of 1.08 (1.04-1.14), P = .0005 for proteinuria. The use of herbal
medication did not predict proteinuria in the cohort, and the use of
ACE-I and or ARBs was not significantly protective of proteinuria in the
entire cohort (Table 4). However, specifically among the subgroup with
evidence of renal impairment with data on urinalysis, the percentage
with no proteinuria was highest among those on dual blockade with
ACE inhibitor and ARB, followed by use of ARB, then ACE-I, and finally
none of the two RAAS modulators, P = .008 by chi-squared analysis
(Figure 1).

4 | DISCUSSION

This is the first multicenter study in Ghana to describe CKD among
patients with type Il DM, hypertension, and those with both hyper-
tension and type Il DM. As expected, we found a highest prevalence
of CKD among patients with both type || DM and hypertension. The
prevalence of hypertension in Ghana is up to 54.6% according to the
Ghana Demographic and Health Survey.}? Urban dwellers have the
highest prevalence as compared to rural dwellers.?® The prevalence
of CKD among patients with hypertension was 26.3% which is less
than that reported in an earlier single-center study in Ghana show-
ing a prevalence of CKD of 46.9% among hypertensive patients.13
Hypertension has also been shown to be the most common cause
of CKD in some studies across Africa.?*2> Hypertension is both a
presentation and a cause of CKD because the kidney plays a signifi-
cant role in the control of blood pressure and may predict underly-
ing kidney disease.?® Poorly controlled hypertension also leads to
rapid deterioration in renal function culminating in end-stage kidney
disease (ESKD). Hypertension was, however, found to be the third
most common causes of CKD in a single-center study in Ghana.'®
The prevalence of CKD among participants with both type || DM

and hypertension was 28.5%. DM is a known cause of hypertension
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TABLE 3 Factors associated with
chronic kidney disease among Ghanaians

. . Predictor
with only hypertension

Age, each 10 years
older

Female gender
Educational level
Primary/none
Secondary

Tertiary

Duration of
hypertension

Systolic BP, each
10 mm Hg

Regular exercise
Yes
No

BMI, each 5 kg/m?
increase

Use of ACE-Il and or
ARB

None
ACE-I
ARB

Use of herbal
preparations

WILEY-7

Unadjusted OR Adjusted OR (95%

(95% Cl) P-value Cl) P-value
1.19 (1.09-1.30) 0.0001 1.14 (1.04-1.26) .006
0.74 (0.57-0.95) 0.02 0.76 (0.57-1.00) .05
1.48 (0.99-2.23) 0.06 1.49 (0.96-2.32) .07
1.69 (1.11-2.59) 0.01 2.00(1.28-3.14) .002
1.00 1.00

1.02 (1.01-1.04) 0.004 1.01 (1.00-1.03) .08
1.10 (1.05-1.1¢6) 0.0003 1.08 (1.02-1.14) .004
1.24 (0.99-1.56) 0.06 - -
1.00

0.97 (0.88-1.07) 0.49 - -
1.00 1.00

1.08 (0.84-1.40) 0.55 0.98 (0.74-1.28) 0.86
1.45 (1.08-1.95) 0.01 1.24 (0.91-1.70) 0.18
1.44(1.07-1.93) 0.01 1.38 (1.02-1.86) 0.03

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; BP, blood pressure; SD, standard deviation.

in the context of diabetic kidney disease.?” DM is the second most
common cause of CKD in Ghana as shown in a single-center study.'®
This is contrary to studies from developed countries where DM is
the most common cause of CKD accounting for the majority of pa-
tients on renal replacement therapy gIobaIIy.5 The total number of
people with DM worldwide is projected to rise from 171 million in
2000 to 366 million in 2030 with an estimated prevalence of 4.4%
from 2.8% in 2000.% In Ghana, the prevalence of DM was found
to be 6.4% in a community-based study 7 which is higher than the
estimated global prevalence in 2030.1¢

Participants with CKD were significantly older than those without
CKD in our study. Glomerular filtration rate decreases by 0.75 mL/
min/year after the third decade in normal individuals.?® There is pro-
gressive deterioration of kidney function with aging. This has been
attributed to decrease in renal mass and increased incidence of scle-
rotic glomeruli in normal individuals with age. This will be further
worsened with acquired conditions causing kidney disease such as
hypertension or DM.?’ Age has also been shown to be an indepen-
dent predictor of CKD.3° Those with CKD were also mainly males
as female gender was protective. There is evidence suggesting that
males have a higher predilection for CKD. Male gender is also associ-
ated with faster progression of CKD.%! Increasing duration of hyper-
tension and DM was also associated with CKD as progression of CKD
requires time in its pathogenesis especially in type | DM.%2

Those involved in less physical activity were also at increased
risk of developing CKD. Decreased physical activity leads to obe-
sity. Obesity is associated with diseases such as hypertension and
DM. Increased BMI has been shown to lead to CKD through DM and
hypertension and through other pathophysiology such as hyperfil-
tration leading to focal segmental glomerulosclerosis which presents
with heavy proteinuria.>® Physical inactivity has also been associ-
ated with the occurrence of incident stroke in the present cohort 34
and indeed among West Africans.®®

Chronic use of herbal medications increases risk of kidney dis-
ease. The use of herbs has been associated with acute kidney injury,
tubular dysfunctions, hypertension, chronic kidney disease, renal
papillary necrosis, and even urothelial carcinomas.>® There is evi-
dence worldwide and in Africa to implicate the use of herbal medica-
tions as a cause of kidney disease.””

The use of ACE-lI among the cohort was protective of neither
CKD nor proteinuria. This contrasts major guideline suggesting the
benefits with the use of ACE-1 or ARBs in decreasing proteinuria and
preventing progression of kidney disease.®® Most patients are on low
or conventional doses of ACE-I or ARBs but high doses have been
shown to improve proteinuria and prevent CKD progression.39 They
may not be compliant with their medications as expected. Non-com-
pliance has been shown to be as high as 93% among patients with
hypertension in Ghana with unaffordability as a major reason.*® The
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TABLE 4 Predictors of proteinuria

. Unadjusted OR Adjusted OR among Ghanaians with hypertension and
Predictor (95% Cl) P-value (95% Cl) P-value or diabetes Mellitus
Age, each 10 years older 1.05(0.96-1.14) 0.32 — —
Female gender 0.94 (0.73-1.21) 0.64 — —
Educational level

Primary/none 1.85(1.23-2.77) 0.003 1.82(1.22-2.73)  0.004

Secondary 1.58(1.04-2.41) 0.03 1.57(1.02-2.39) 0.04

Tertiary 1.00 1.00
Duration of hypertension 1.00 (0.99-1.02) 0.73 — —
Duration of diabetes 0.98 (0.96-1.01) 0.18 — —
Regular exercise

Yes 1.15(0.92-1.43) 0.22 — —

No 1.00
Systolic BP, each 100 mm Hg ~ 1.10 (1.05-1.15) 0.0001 1.08(1.04-1.14)  0.0005
HBA1C > 7% 1.19 (0.81-1.73) 0.38 - -
BMI > 30 kg/m? 0.81(0.63-1.05)  0.12 - -
Use of ACE-l and or ARB

None 1.00 = =

ACE-I 0.91(0.71-1.16) 0.43

ARB 0.86 (0.66-1.16) 0.36

ARB + ACE-I 0.59 (0.23-1.51) 0.27

Use of herbal preparations 1.20 (0.90-1.61) 0.21 —

Note: Interaction between educational attainment and mean systolic blood pressure, adjusted OR

(95% CI) = 1.01 (0.94-1.09), P = .79.

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;

HbA1C, glycated hemoglobin concentration; SD, standard deviation.

concomitant use of other medications such as herbal medications
that may be worsening their renal functions cannot be ruled out.
ACE-| or ARBs have also been associated with acute kidney injury.41
The use of ACE-I and or ARBs can also be associated with CKD by
decreasing glomerular filtration rate more especially with the con-
comitant use of NSAIDs which are very common in the cohort as
most patients are prescribed NSAIDS for the musculoskeletal pains
or buy them over the counter. ACE inhibitors can also cause CKD in
a short run as a nephrotoxin and may account for the non-protection
in our cohort. However, among patients with renal impairment with
available urinalysis data, dual blockade with ARB and ACE-I was most
protective against proteinuria than ACE-I or ARBs alone as shown in
literature.*? Dual blockade has, however, been shown in a meta-anal-
ysis of randomized control trials to be associated with hyperkalemia,
hypotension, and worsening renal failure 43 therefore limiting its use
in clinical settings among clinicians.

4.1 | Limitations

Although multicenter in nature with good sample size, our study
had a number of limitations. Because of the cross-sectional study
design, no causal inferences can be drawn between the observed
factors associated with CKD. Only single measurements of serum
creatinine and urine protein were performed, and hence, acute,
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FIGURE 1 Use of antiproteinuric antihypertensive medications
on frequency of proteinuria among renally impaired Ghanaian
patients with hypertension and or diabetes. ACE-I, angiotensin-
converting enzyme inhibitors; ARB, angiotensin Il receptor blockers



TANNOR ET AL.

transient derangements in these parameters cannot be ruled out.
We used semiquantitative methods for assessing proteinuria in-
stead of urine albumin-to-creatinine ratio as suggested by KDIGO.
We suggest further studies to follow-up on patients with hyperten-
sion and DM to ascertain progression of renal progression with time.

4.2 | Implications

Our study has identified potentially modifiable factors for remediation
to avert CKD among hypertensive and diabetic patients in developing
countries. Among patients with hypertension and DM under routine
care, follow-up measurements of serum creatinine and urinalysis at least
once a year would be cost-saving measure to detect renal impairment,
given the high prevalence of CKD in this cohort. Patients should also
be advised to avoid herbal medications and ensure blood pressure is
controlled to target with antihypertensive medications and adherence
to therapeutic lifestyle interventions. We have previously reported that
blood pressure ** and glycemic control are poor among Ghanaians seek-
ing health care in medical facilities.* We have also shown earlier that
CKD independently predicts incident stroke among Ghanaians with dia-
betes and hypertension 46 and that this increased risk may have genetic
underpinnings.*7*® In this regard, interventions that would enhance
adherence to medications such as use of m-health may be useful to ex-
plore in our settings.*”>° Proteinuria should be treated with high-dose
ACE-I or ARBs but with extreme caution in combination due to high-risk
hyperkalemia, hypotension, and worsening renal function.*® Clinicians
should therefore screen aggressively for and manage CKD among pa-

tients with DM and hypertension to halt its progression.

5 | CONCLUSION

There is high burden of CKD among patients with type Il DM and
hypertension in Ghana. Increasing age, systolic blood pressures, low
educational status, increase duration of hypertension, and reported
use of herbal preparations were significantly associated with CKD.
Optimizing blood pressure control and limiting the use of herbal
preparations are interventions that may mitigate the rising burden of

CKD in high cardiovascular risk populations in developing countries.
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