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Abstract

Introduction: Non-steroidal anti-inflammatory drugs (NSAIDs) use is very
common. NSAIDs use could be associated with elevated eosinophil count
which could be a class effect or patient-related. Inflammation could be the
link between NSAIDs use and eosinophilia. Aims: To compare the pattern of
eosinophil count in the peripheral blood of frequent users of NSAIDs and
healthy controls. Methodology: Two hundred (one hundred frequent users
of NSAIDs and 100 healthy controls) participants who had no known risk
factor for kidney disease and had given informed consent were recruited.
Blood was taken to determine the white cell count and differentials, serum
electrolyte and creatinine, and random blood sugar. Results: The mean age of
NSAIDs users was not significantly different from controls, P = 0.3. The
mean eosinophil count was higher in males than females. The incidence of
eosinophilia in NSAIDs users was 4%. The mean Eosinophil count of NSAIDs
users was insignificantly higher than controls, 164.3 + 51 6 vs 135. 6 + 53.4, P
= 0.4. The mean platelet count of NSAIDs users was significantly higher
compared to controls, P = 0.04. The mean hematocrit of NSAIDs users was
significantly lower than the controls, P = 0.02. Propionic acid derivatives were
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associated with the highest eosinophil count. Eosinophil count was positively
related to age and serum creatinine and inversely related to blood glucose,
hematocrit and glomerular filtration rate. Conclusion: The incidence of eo-
sinophilia was 4%. The eosinophil count was higher in frequent NSAIDs us-
ers than occasional and non-users, in males than females and with use pro-
pionic acid derivatives compared to other NSAIDs. The Eosinophil count was
positively related to age and platelet count. Being commoner in inflammatory
states, the tissue destruction associated with elevated EC can be avoided by
the prevention and prompt treatment of inflammatory conditions.

Keywords

Eosinophilia, Kidney Function, Non-Steroidal Anti-Inflammatory Drugs,
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1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are cheap and readily availa-
ble agents used in treating pain [1]. NSAIDs use is very common in low-income
nations like Nigeria, where there are significantly larger population of manual
laborers and artisans due to the very low level of industrial mechanization com-
pared to the developed countries [2]. NSAIDs use in treating rheumatic condi-
tions is quite common in the elderly [3].

At the community level, Agaba et al. reported a 13% prevalence rate of NSA-
IDs use [2]. Twenty nine million Americans (12.1%) were reported to be regular
users of NSAIDs in 2010 [4]. Zeinali et al also reported a high prevalence of
NSAIDs use among Iranian with 19.3% of all prescriptions having at least, an
NSAID and 7% of these being combination NSAIDs [5].

NSAIDs use has been reported to be associated with eosinophilia and tissue
eosinophilic infiltration [6]. These drugs inhibit cyclooxygenase (COX) pathway
thereby inhibiting the release and actions of prostaglandins (PGs) which are
made up of the following subunits: PGD,, PG, PGE; and PGF, [7]. Eosinophi-
lia, with its chemo attractant actions, is mediated through NSAIDs effect on its
PGD, subunit [8]. Eosinophilia mediates airway remodeling and induces disease
progression resulting in fibrosis of chronically inflamed cells that involves angi-
ogenesis [9]. It is not known if the actions of NSAIDs on leucocytes are class ef-
fects or not as only Indomethacin has been reported to exhibit these features [8]
[10] [11]. The relationship between NSAIDs use and inflammatory tissue dam-
age, through the degranulation and release of cytopathic eosinophils and baso-
phils has been reported from studies in the western world [12] [13]. Ironically,
in sub-Sahara Africa and other low-income countries where NSAIDs use is
commoner, the relationship between NSAIDs use and the pattern of eosinophil
distribution is rarely reported. In this study, we determined the pattern of eosi-
nophil distribution among Nigerians with frequent NSAIDs use, defined as daily
use for up to a month [14].
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2. Methods

A prospective, comparative study carried out at the Federal Medical Centre,
Abeokuta, Nigeria, from January 2016 to December 2016, in which, two hundred
(one hundred frequent NSAIDs users and 100 age and sex-matched healthy
controls), eighteen years and above who gave consent were consecutively re-
cruited. Ninety-two NSAIDs users were recruited from the orthopedic clinics
and eight from among manual laborers/artisans working within and around the
hospital construction sites. The controls were recruited from healthy hospital
staffs and the surrounding community. Participants less than 18 years, with
hypertension, diabetes, sickle cell anemia, diseases of the kidneys, heart or liver
or risk factors for these diseases were excluded. Also excluded were participants
who sneeze a lot, or had recurrent stuffy or running nose, watery eye, tight chest
or itching on exposure to strong smell (perfumes, boiling oil or fumes), sandy air
or to any food or drink and any other form of allergy. Participants with infec-
tion, hypertension, diabetes and proteinuria were also excluded.

Socio-demographics and drug history were obtained through an interview-
er-administered questionnaire and from participants’ case files. The NSAIDs us-
ers were shown packets, sachets and containers of the commonly used NSAIDs
in the locality to ascertain those used by them, alone or in combination. Partici-
pants were described as frequent NSAIDs users when they take at least a unit
(tablet, capsule, patch, ointment or suppository) daily for at least 1 month [14].
All participants had stool microscopy, culture and sensitivity for ova and para-
site, prior to sample collection.

Participants’ height and weight were measured without shoes and on very
light clothing using a SECA standiometer and weighing scale respectively, and
the body mass index (BMI) was calculated. Participants’ pulse rate and blood
pressure were taken after 5 minutes rest. Five milliliters of blood was taken from
each participant into an ethlenediamine tetraacetic acid (EDTA) containing bot-
tle, blood was mixed gently and immediately taken to the laboratory to deter-
mine the full blood count (FBC) including the total white cell count (WBC) and
differentials including the eosinophil using the counting chamber. Another 3 ml
was taken for determination of serum electrolytes, urea and creatinine and the
estimated glomerular filtration rate (eGFR) was calculated.

Definitions

Frequent NSAIDs use-daily use of at least a unit for 21 month [14].

Eosinophilia-peripheral blood eosinophil count of 2450 x 10/1 [15].

Hypereosinophilia->1500 x 10%/1 [16].

Kidney dysfunction-eGFR < 60 ml/min [17].

Anemia-hematocrit < 39% [18].

Sample size was calculated from the formula on comparative study using a
previous study’s prevalence [19].

Statistical analysis

Continuous variables were presented as mean with standard deviation and
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compared using student’s t-test while categorical variables were presented as
proportions and compared using chi-square or Fisher’s exact test. Pearson cor-
relation test was performed to determine the degree of correlation between
eosinophil count and participants’ characteristics. The level of P < 0.05 was con-
sidered statistically significant.

Ethical issues

The research followed the tenets of the Declaration of Helsinki. The Ethics
Committee of the Federal Medical Centre, Abeokuta approved the study. The
institutional ethical committee of the Federal Medical Centre approved all study
protocols ((FMCA/238/HREC/09/2015). Accordingly, written informed consent

was taken from all participants before any intervention

3. Results

Two hundred participants (100 frequent NSAIDs users and 100 age and
sex-matched healthy controls) were recruited for the study. Forty-nine males
and fifty-one females in each group participated. The mean age of the NSAIDs
users and controls were 46.5 + 14.2 and 46.2 + 14.3 respectively, P = 0.3. There
was no significant difference between the age, sex and diastolic BP of the NSA-
IDs users and the controls, P = 0.5, P = 0.3, P = 0.6 respectively. The demo-
graphic and clinical characteristics of the participants are shown in Table 1. The
mean BMI and systolic BP of the NSAIDs users were significantly higher than
those of the controls, P = 0.03 and P < 0.001 respectively.

Table 1. Socio-demographic and clinical characteristics of participants.

NSAIDs users NSAIDs users X?
Variables N =100 (%) N =100 (%) P-value
Mean * SD Mean + SD t-test
Gender Males 49 (49) 49 (49) 0.55 0.5
Females 51 (51) 51 (51)
Age, years 18 -39 28 (28) 34 (34) 0.70 0.3
40 - 59 53 (53) 49 (49)
>60 19 (19) 17 (17)
WHR 1.0+ 0.1 1.0 £ 0.04 0.01 0.8
Mean Age, years 46.5 + 14.2 46.2 £ 14.3 0.3 0.3.
Mean BMLI, kg/n? 28.1+13.1 26.4 +13.2 3.04 0.03
Mean SBP, mmHg 123.5+10.4 114.0 1.2 5.92 <0.001
Mean DBP, mmHg 75.7 £ 8.2 74.5%7.2 0.03 0.6

NSAIDs = non-steroidal anti-inflammatory drugs, SD = standard deviation, WHR-waist hip ratio, BMI =
body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, S = serum, eGFR = esti-
mated glomerular filtration rate, CKD-EPI = chronic kidney disease epidemiology collaboration.
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Four (4) NSAIDs users had eosinophilia as against none among the controls.
None of the participants had hypereosinophilia nor leukocytosis. Table 2 shows
the laboratory results of the participants. There was no significant difference
between the mean white cell count and eosinophil count of the NSAIDs users
and the controls, P = 0.1 and P = 0.4 respectively. There was a significant differ-
ence between the platelet count and the hematocrit of the NSAIDs users and the
controls, P = 0.04 and P = 0.02 respectively. There was a significant difference
between the serum creatinine and glomerular filtration rate of NSAIDs users and
the controls, P < 0.001 and P < 0.001 respectively.

The mean eosinophil count was higher in the males than females in both
NSAIDs users and the controls. Table 3 compared the eosinophil count of
NSAIDs users and the healthy controls. The eosinophil count was positively as-
sociated with the age and BMI but had an inverse relationship with the GFR in
both the NSAIDs users and controls.

Among the NSAIDs users, there was a positive relationship between the eosi-
nophil count and the doses of each drug. Table 4 shows the relationship between
the eosinophil count and the various doses of single NSAIDs used by partici-
pants. The mean eosinophil count was highest in Ketoprofen and Ibuprofen and
it was least with Aceclofenac. The difference between the smaller and the larger
doses of NSAIDs, in terms of mean eosinophil count, was statistically lower in
Ketoprofen (P = 1.0) and Ibuprofen (P = 0.8) compared to Aceclofenac (P = 0.5)
and Meloxicam (P = 0.4). The mean eosinophil of single NSAIDs users was
156.15 + 23.61 compared to 176.46 + 28.16 for those that used two or more
NSAIDs. The difference was statistically significant, P = 0.04.

As the BMI of NSAIDs users increased, the eosinophil count increased and
the difference was statistically significant, P = 0.04. There was a direct relation-
ship between the eosinophil count and the duration of NSAIDs use, P = 0.01.
The determinants of eosinophil count amongst the NSAIDs users are shown in
Table 5. The eosinophil count increased with the age of participants, and the
systolic and diastolic blood pressure but the differences were not statistically sig-
nificant, P = 1.6, and P = 0.05 and P = 0.9 respectively.

4. Discussion

Our series found a non-statistically significant increase in eosinophil count in
frequent NSAIDs users compared to a healthy population. The degree of this in-
crease was directly proportional to the duration of NSAIDs use. The increase
was also more in males than females as it was for participants who were over-
weight or obese compared to those who were underweight. The increase in eo-
sinophil count was more in the older age group than in the young. The increase
in eosinophil count in NSAIDs users mirrors findings by Satoh et a/ [8] and Ka-
taoka et al [20] who reported in separate studies that NSAIDs use is associated
with elevated eosinophil count but they noted that the only drug associated with

the hypereosinophilic syndrome was Indomethacin, which unlike other NSAIDs,
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is a potent agonist of the PGD, receptor, chemoattractant receptor-homologous

molecule expressed on T helper type 2 cells (CRTH,). The decreased eosinophil

response to PGD, was associated with reduced priming of the chemotactic ac-

tions of eosinophil as a result of downregulation of CRTH, cell surface expres-

sion [10]. We, therefore, infer that the low incidence of eosinophilia was sec-

ondary to the non-availability of Indomethacin for use by participants.

Table 2. Laboratory results of participants.

NSAIDs users Controls
Variables N =100 (%) N =100 (%) t-test
Mean + SD Mean + SD
Mean Total WBC, x10%/L 52+23 51+1.7 0.6
Mean Eosinophils, x10%/L 164.3+516 135.6 + 53.4 0.8
Mean Hematocrit, % 36.8+7.3 40.2 £ 11.5 1.7
Mean Platelet count x10°/L 386.5 + 44.7 349.8 £ 56.2 1.1
Mean FBS, mmol 48+ 1.4 49+1.2 0.1
Mean Creatinine, umol/l 99.6 +13.3 69.5+9.1 5.7
Mean eGFR, ml/min 87.8+3.1 115.0 £ 2.7 9.4

P-value

0.4

0.4

<0.001

<0.001

NSAIDs-non-steroidal anti-inflammatory drugs, SD-standard deviation, WBC-white cell count, FBS-fasting

blood sugar, eGFR-estimated glomerular filtration rate.

Table 3. Comparison between the Eosinophil counts of NSAIDs users and controls.

NSAIDs users Controls
Variables Eosinophil (x10°)  Eosinophil (x10°)  t-test P-value
Mean + SD Mean + SD
Eosinophil count, 10/ L 164.3 £ 51.6 136.9 £ 53.4 0.8 0.4
Sex: Males 191.1 £ 22.7 146.0 £+ 30.2 1.2 0.2
Females 137.6 £ 20.9 128.2 £ 29.6 0.2 0.8
Age, years 20 -39 138.6 + 14.8 122.6 £ 33.9 0.1 0.9
40 - 59 163.6 £17.3 133.6 £ 18.6 1.4 0.1
>60 191.4 £ 29.5 153.4 + 36.2 0.4 0.6
BM], kg/lnz <19.5 150.3 £ 16.3 128.8 £42.2 1.7 0.07
19.5 - 24.9 154.7 £ 21.4 125.7 £ 11.9 1.5 0.06
>25.0 188.2 +£24.5 157.6 £ 23.2 1.5 0.05
eGFR, mi/ min <60 183.4 £19.9 144.0 £ 21.4 0.2 0.8
>60 146.1 £ 18.6 129.1 £ 16.6 1.1 0.2

NSAIDs-non-steroidal anti-inflammatory drugs, eGFR = estimated glomerular filtration rate, CKD-EPI =

chronic kidney disease epidemiology collaboration.
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Table 4. Relationship between eosinophil counts and various doses of each NSAID.

Mean Eosinophil (x10°)
Variables Frequency (%) t-test P-value
Mean + SD

Aceclofenac, mg
100 1(1) 123.2£22.8 0.45 0.5
200 2(2) 131.2+£18.2
Diclofenac, mg
50 10 (10) 137.3 £ 31.5 0.31 0.7
100 14 (14) 142.1 + 44.3
Ibuprofen, mg
600 4(4) 172.4 £ 33.8 0.23 0.8
1200 2(2) 179.5 + 40.3
Ketoprofen, mg
100 4(4) 178.3 £ 58.7 0.11 1.0
200 6 (6) 179.9 £ 66.5
Meloxicam, mg
7.5 5(5) 154.4 +£25.8 0.52 0.4
15 11 (11) 163.2 £ 31.8

NSAID = non-steroidal anti-inflammatory drug.

Table 5. Determinants of eosinophil count among frequent NSAIDs users.

Frequency ~ Mean Eosinophil (x10°) t-test P-value

Variables

N =100 (%) Mean + SD

Gender Males 49 (49) 191.1 £ 22.7 2.16 0.05
Females 51 (51) 137.6 £ 20.9

Age, years 18 -39 32 (32) 138.6 + 14.8 0.42 1.6
40-59 53 (53) 163.6 £ 17.3
>60 15 (15) 191.4 £ 29.5

NSAIDs types 1 59 (59) 163.7 £ 130.8 0.25 1.9
>2 41 (41) 166.0 + 25.6

Duration, months 0-6 23 (23) 142.6 + 36.1 3.02 0.01
7-12 36 (36) 149.1 £ 32.6
13 - 60 35(35) 184.5 +42.9
>60 6 (6) 222.8+32.9

BMI, kgl n?* <19.5 7 (17) 150.3 + 16.3 2.42 0.04
19.5-24.9 49 (49) 154.7 +21.4
>25.0 34 (34) 188.2 +24.5

Systolic BP, mmHg <120 29 (29) 148.6 £ 77.4 2.32 0.05
120 - 139 71 (71) 180.8 £ 29.4

Diastolic BP, mmHg <80 36 (36)) 159.7 £ 41.9 0.8 0.9
80 - 89 64 (64) 169.2 + 41.9

NSAIDs-non-steroidal anti-inflammatory drugs, BMI-body mass index, BP-blood pressure.
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The mean age of the NSAIDs users was less than what other studies found in
Nigeria, Iran and in the United States [3] [5] [6]. This difference could be attri-
buted to the fact that chronic diseases, commonly found in the elderly, like
hypertension and diabetes, were excluded in this study. One would have ex-
pected more women participation in the study considering that the fact that fe-
males are more commonly associated with rheumatologic disorders, coupled
with cyclic pains experienced by women during their menstrual circle [1]. The
higher mean BMI in NSAIDs users than in healthy controls is similar to findings
by Schwartz et al. who found an increased incidence of acute kidney dysfunction
in NSAIDs users with attendant fluid retention and weight gain [21]. The higher
eosinophil count in males mirrors findings by Pardo et al [22] and Tariq et al
[23] who found this pattern more common in participants without kidney dis-
ease. Ogbogu et al [11] and Loules et al [24] separately reported higher eosino-
phil count in males and attributed it to the presence of the pre-mRNA
3’-end-processing factor FIPl-platelet derived growth factor receptor A
(FIP1L1-PDGFRA) fusion genes in males. The authors reported that when eosi-
nophils are pretreated with Indomethacin, eosinophilic migration towards
PGD2 was suppressed [24].

We found higher eosinophil count in the older age group and this agrees with
Praga et al [25] who attributed this to the higher incidence of eosinophilia asso-
ciated with acute interstitial nephritis in advancing age. There was a positive re-
lationship between eosinophil count and body size and this mirrors findings by
Amani et al [26]. The findings however disagree with findings by Berair et al.
[27] who found no relationship between eosinophilia and obesity. Obesity is as-
sociated with elevated triglycerides, total cholesterol and glycated hemoglobin as
well as reductions in high-density lipoprotein [26].

Even though hypertensives were excluded from our study, we found that
within normal ranged blood pressures, eosinophil counts were positively corre-
lated with blood pressure. Hypertension and obesity are chronic conditions as-
sociated with elevated cytokine release and oxidative stress which are associated
with elevated eosinophil count [28]. Masenger ef a/. [29] on behalf of the Amer-
ican Heart Asssociation (AHA) reported the association between hypertension
and eosinophilia. Hypertension is associated with increased infiltration of ma-
crophages into the kidneys, increasing victims’ risk for chronic kidney disease
(CKD) with increases commonly found in IL-6 and IL-17 with concurrent re-
ductions in the anti-inflammatory IL-10 [30] Madhur et al [31] also reported
angiotensin IT induced hypertension associated with elevated IL-17, further em-
phasizing the relationship between elevated eosinophil and IL-17.

Elevated eosinophil count was positively related with the platelet count in our
study and this mirrors findings by Shah et al [32] The association between eo-
sinophil and platelets is said to be symbiotic, as eosinophil activates platelets in a
dual, indeed bimodal faction as, eosinophil derived inflammatory mediators
stimulate platelets while some eosinophil derived mediators are reported to in-
hibit platelet activities. The findings of eosinophil in mural thrombus associated
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with acute coronary events like myocardial infarction, a condition associated
with platelet aggregation further confirms the symbiotic association between the
two [33]. The negative relationship between eosinophil count and the hematocrit
in this study is in agreement with findings by Sweidan et a/ [18] who reported a
case of autoimmune hemolytic anemia with Ibuprofen use. The pro-inflammatory
features of eosinophils stimulate hemolysis, from disruption in membrane pro-
teins, leading to altered cell cellular adhesion, increased permeability and os-
motic fragility.

The finding of an inverse relationship between eosinophils and the blood glu-
cose level in this study agrees with findings by Zhu et al [34] and Ment et al
[35]. The suppressive effect of glucocorticoids on the eosinophil with back-
ground leukocytosis could be multifactorial, one mechanism being increased
apoptosis induced by reductions in IL-5, an anti-apoptotic agent that stimulates
eosinophil maturation and prevent its destruction [36]. The inverse relationship
between eosinophil and HbAic, and also with, the severity of Cushing syndrome
is further explained by the interaction between glucocorticoids and eosinophils.
The higher eosinophil count in NSAIDs users compared to healthy controls
could be attributed to the widely reported findings that the eosinophil counts are
elevated in kidney disease [37]. Inflammatory mediators are commonly elevated
in KD, particularly chronic kidney disease (CKD), and these stimulate eosino-
phil release. The infiltration of the kidneys and the perivascular spaces by ma-
crophages and other inflammatory cytokines, can cause renal dysfunction or
cause acute depression of kidney function in patients with background CKD. It
therefore becomes apparent that a “cause and effect” relationship exists between
elevated eosinophils count and kidney disease [38].

Even though no significant difference in eosinophil count was found between
the different doses of each of the commonly used NSAIDs, it is worth noting
that higher doses were associated with higher eosinophil levels. We infer that
this finding strongly suggests that the kidney function decline in NSAIDs users
is more dependent on the drug type than the drug dosage. This is more so con-
sidering the fact that Ibuprofen, probably the most nephrotoxic of the NSAIDs
used, showed the least difference between the two dosages that were compared
[39]. We found a positive relationship between the length of drug exposure and
the eosinophil count. In acute inflammatory conditions, eosinophils stimulate
the release of acute inflammatory mediators like IL-1, TNF-q, IL-6, plate-
let-activating factors (PAF) and various adhesion molecules leading to tissue in-
jury associated with increased extravasation of fluid and the release of
pro-apoptotic agents which reduces peripheral platelet count [40]. In chronic in-
flammatory conditions, eosinophils cause the release of transforming growth
factor B (TGFp), IL-4 and IL-13. These profibrotic mediators cause tissue fibro-
sis and dysfunction. [41]. This pattern is also supported by findings of progres-
sive decline in kidney function in acute interstitial nephritis progressing to
chronic interstitial nephritis (CKD) in NSAIDs users who have used the drugs

for more than a month. [21]. The increase in echogenicity, tubular atrophy, tu-
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bular wall dilatation with papillary calcification seen in analgesic nephropathy is
morphologically represented in the small, indented calcified kidneys seen in this
condition [42].

The usefulness of NSAIDs in the control of pain needed to be balanced with
various consequences of their use including the attendant risk of kidney dys-
function, induction of the inflammatory cascade, cytokine release and tissue
damage, fibrosis and loss of function. These changes would therefore be more
in the elderly, obesity and people with background kidney disease. It becomes
imperative therefore that these population groups should be given lower doses
of these drugs or given other pain suppressing agents as a way of avoid-
ing/minimizing the tissue damage associated with NSAIDs.

We acknowledge some limitations encountered in our study. Some allergic
conditions could have been present which participants could have misunders-
tood as other health conditions. The reliability of the screening process is de-
pendent more on the sensitivity and correctness of the stool examination
findings. The determination of the eosinophil count could also be opera-

tor-dependent.

5. Conclusion

The use of NSAIDs is very common worldwide, more so, in low-income nations.
The incidence of eosinophilia was 4% in NSAIDs users. NSAIDs use was asso-
ciated with elevations in BMI, blood pressure within normal, eosinophil count,
platelet count and serum creatinine as it was associated with reductions in the
hematocrit, eGFR and blood glucose. Eosinophilia was common in males, ad-
vancing age, kidney dysfunction and in combined and prolonged NSAIDs use.
The eosinophil count was also positively related to the dose of an NSAID. The
study showed that higher eosinophil count was associated with inflammatory
conditions and conditions with increased risk for inflammation hence it was
associated with advancing age and kidney dysfunction. There is therefore need
to minimize eosinophilia and its attendant consequences by preventing and/or

treating inflammatory conditions.
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