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ABSTRACT

Introduction: Chronic kidney disease and anemia, both independently have been shown to be a causative
factor in the development of Cardiovascular diseases. The aim of the study is to establish that both CKD and
Anemia are risk factors for adverse CVD outcomes in the general population.

Methods: This cross-sectional, observational, single-centre, study comprising of 108 patients. A diagnosis of
acute coronary syndrome was made in each patient after obtaining an ECG and cardiac biomarkers (Tro-
ponin-T/ Troponin-I) when indicated. Normality of data was tested by Kolmogorov-Smirnov test. If the
normality was rejected, then a nonparametric test was used. A p value of <0.05 was considered statistically
significant.

Results: Out of 108 patients, 38(35%) were diagnosed with Chronic kidney disease, whose proportion was
higher in patients with STEMI (55.81%) and NSTEMI (33.36%) than those with unstable angina (13.95%)
(p=0.001). The mean hemoglobin level in non-CKD patients was 11.67 gm/dl while in CKD patients it was
9.72 gm/dLl. In patients with acute coronary syndrome, 78 patients (72.22%) were anemic, a much higher pro-
portion than general population.

Conclusion: Overall, our study shows that both CKD and Anemia are risk factors for adverse CVD out-
comes in the general population. There is a high prevalence of CVD in subjects with CKD. Therefore regular
evaluation for renal disease, should be included as routine investigations for patients with, or at a higher risk
for CVD. Anemia is associated with increased cardiovascular morbidity. It appears play a causative role in the
progression of CVD, especially in patients with CKD. Microcytic type was the most common. Hence large
scale iron supplementation programs may have a significant benefit in reducing the cardiovascular mortality
too.
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INTRODUCTION to 4.75 for old patients and 3.5 for very elderly pa-

. . tients .
Cardiovascular diseases (CVDs) have now become

the leading cause of mortality in India !. Chronic
Kidney Disease (CKD) is an important modifiable
risk factor, and its association with Acute Coronary
Syndrome (ACS) is gaining importance. CKD is a
spectrum of pathophysiologic disturbance that leads
to abnormal renal function and a progressive de-
crease in glomerular filtration rate (GFR), whose
stages are now classified according to both estimated
glomerular filtration rate (eGFR) and extent of al-
buminuria 2. Depending on these stages of CKD, the
increased risk of CVD ranges from 10 to 20 times in
ESRD when compared to age and sex matched gen-
eral population 3. Mortality rate was higher in young-
er patients with an odds ratio of 7.58 in comparison

Since CVD is more severe in patients with elevated
serum creatinine levels %11, early identification and
treatment of CVD in patients with CKD may reduce
the severity of disease, thereby improving the out-
comes of those who reach ESRD treatment. This
increase in prevalence can be attributed to various
traditional risk factors 12 and nontraditional factors 13-
20, Oxidant stress and inflaimmation together with
abnormal calcium & phosphorus metabolism could
be the principal intermediary that leads to develop-
ment of left ventricular remodelling??> & vascular
remodelling Zafter MI.Cardiac troponin (cTn) mark-
ers can be elevated in CKD without any evidence of
ACS that hampers the diagnosis in this population,
so serial measurements are more informative?*. Dis-
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eased/damaged kidneys are unable to make enough
Erythropoietin, thereby causes Anemia®. Various
trials suggested that anemia is associated with higher
mortality, re-infarction and adverse outcomes after
ACS 2>2.This is primarily due to the oxygen supply-
demand mismatch and further increases cardiac work
and make it more vulnerable to ACS?!.The long term
risk of anemia in ACS by various other pathways ul-
timately, influence atherothrombosis 3.

Few studies were done investigating anemia and
CKD. As there is a paucity of literature in the Indian
population, we planned to conduct this study.

MATERIALS AND METHODS

This cross-sectional, observational, single-centre,
study was conducted at a tertiary care hospital. Both
outpatient and inpatients fitting into the classical
presentation of ACS along with documented ECG
and biochemical changes were included, totalling 108
patients. A written, informed consent was obtained
from each participant, and the ethical approval for
this human study was obtained from the ethical
committee, University of Delhi. Besides the basic
history taking and investigations, additional studies
included Iron profile, Ultrasonography (USG) — ab-
domen. Specific investigations were done if in pre-
liminary investigation some particular lead is ob-
tained. While taking history, the following cardiovas-
cular risk factors were noted: Age of the patient, pre-
senting symptoms and their duration, history, and
treatment being taken for hypertension, CKD, and
diabetes, past history of acute coronary syndrome or
of having undergone PCI/CABG/dialysis.

Then, a general physical examination was done, fol-
lowed by a thorough system-wise review. Particular
care was taken to find out any signs of left or right-
sided heart failure, which was used to classify the pa-
tients under Killip class I to 1V, according to the fol-
lowing criteria 36:

* Class I: No evidence of heart failure

* Class II: Findings of mild to moderate heart failure
(83 gallop, rales < half-way up lung fields or ele-
vated jugular venous pressure

* Class III: Pulmonary edema (rales > half-way up
the lung fields)

* Class IV: Cardiogenic shock defined as systolic
blood pressure < 90mmHg (with/without signs of
hypoperfusion such as oliguria, cyanosis, and
sweating).

A diagnosis of acute coronary syndrome was made in
each patient after obtaining an ECG and cardiac bi-
omarkers (Troponin-T/ Troponin-I) when indicated.
Non-ST-elevation ACS (NSTEACS) was diagnosed
if there were related signs or symptoms, along with
new BHCG changes suggestive of ischemia, such as

ST depression, labile ST-T changes, T wave inver-
sions, etc.; but no ST segment elevation. A Trop-T
test was done after 6 hours of onset of the symp-
toms. For patients with known renal failure or ap-
parent congestive heart failure, a Troponin-I kit was
used. Once the diagnosis of STEMI/ NSTEMI/ UA
was made, appropriate treatment was instituted.

Categorical variables were presented in number and
percentage (%), and continuous variables were pre-
sented as mean + Standard Deviation (SD) and me-
dian. Normality of data was tested by Kolmogorov-
Smirnov test. If the normality was rejected, then a
nonparametric test was used. A p value of <0.05 was
considered statistically significant. The results thus
obtained, are as following.

RESULTS

Out of the 108 patients studied, their ages vatried
from 35 years to 85 years. 63.8% of them were 51-70
years old, with the median age being 59 years. The
group consisted of 74 males (68.5%) and 34 females
(31.4%). The most common presenting symptoms
were chest pain (n=107, 99%), anxiety/trepidation
(n=102, 94.4%), perspiration (n=67, 62%), palpita-
tion (n=56, 51.8%) and dizziness (n=44, 41.6%). Ma-
jority of patients were in Killip’s class I (46, 42.59%),
36 patients (33.33%) belonged to class 11, 22 patients
(20.37%) were in class III, and only four patients
(3.7%) were in class IV. Only 24 patients (22.22%)
had a past history of MI/ACS. Out of this, only 11
patients  (10.19%) underwent intervention with
PCI/CABG. Out of 108 cases, 62 (57.41%) were a
known case of hypertension, and 43 (39.81%) had
diabetes. Both these co-morbidities were shared by
29 (26.85%) of enrolled cases. STEMI was diagnosed
in 43 patients (39.81%), Unstable Angina in 42 pa-
tients (38.88%) and NSTEMI in 23 patients
(20.37%)).
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Figure 1: Distribution of Frequency of USG
Finding and Presence of Anemia
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Table 1: Correlation of Hemoglobin Levels and
USG Findings

Hb USG-KUB s/o

No CKD CKD
Sample size 70 38
Mean £ SD 11.67 £ 2.6 9.72 £ 1.78
Median 11 9.3
Min-Max 8-17 7-15.4
Inter quartile Range 10-14 9-10
P value 0.0001

In the sample 78 patients (72.22%) were anemic. Out
of these 78, 27 were females (79.41%) while 51 were
males (68.91%). The peripheral smear revealed a mi-
crocytic picture; macrocytic picture and normocytic
picture in 69 (63.89%); 5(4.63%) and 34 (31.48%)
patients respectively. The mean hemoglobin level in
non-CKD patients was 11.67 gm/dl while in CKD
patients it was 9.72 gm/dl The various data points
of hemoglobin in both groups are shown in (Table

1).

Table 2: Correlation of USG Finding and Diagnosis

USG- Diagnosis Total P value
KUBs/o NSTEMI STEMI UA
No CKD 14 (63.64%) 19 (44.19%) 37 (86.05%) 70 (64.81%) 0.0003
CKD 8 (36.36%) 24 (55.81%) 6 (13.95%) 38 (35.19%) '
Total 22 (100.00%) 43 (100.00%) 43 (100.00%) 108 (100.00%)
Table 3: Correlation of Anaemia and Diagnosis
Anemia Diagnosis Total P value
NSTEMI STEMI UA
Absent 3 (13.64%) 5 (11.63%) 22 (51.16%) 30 (27.78%) 0.0001
Present 19 (86.36%) 38 (88.37%) 21 (48.84%) 78 (72.22%)
Total 22 (100.00%) 43 (100.00%) 43 (100.00%) 108 (100.00%)
Table 4: Studies showing mortality rate in ACS patients with CKD
Source Acstype Number  Follow-up Mortality rate Non-CKD
in CKD (%) Mortality (%)
Herzog et al (1998)4 STEMI 34189 In hospital 26 -
1 year 59
2 year 73
3year 81
Syear 90
10year 97
Mc Cullough et al (2000)4 STEMI 9544 27 month 54.5 22.7
NSTEMI
Shlipak et al (2002)* STEMI 130099 lyear 46 24
Berger et al(2003)48 STEMI 146765 30 days 29 18.3
Ane vekar et al (2004)% STEMI 14527 3 years 45.5 20.5
Gibson et al (2004)>° UA/NSTEMI 13307 6 months 3.8 2.5
Han et al(20006) ! UA/NSTEMI 45343 - 9 3.6
Fox et al (2007)32 STEMI 20479 30 days 311 7.1
Summer et al (2009)% NSTEMI 23262 lyear 38.2 5.8
Mehran et al (2009) > UA/NSTEMI 12939 lyear 7.9 2.8
Fox et al (2010) % STEMI 19089 - 8.8 2.3
Fox et al (2010) % NSTEMI 30462 - 4.8 1.8
Hanna et al (2011) > NSTEMI 40074 - 2.8 0.6

Out of all the enrolled patients, 21(19.44%) had a
prior diagnosis of CKD. In the ultrasound KUB, 38
patients (35.19%) had evidence of CKD while 70 pa-
tients (64.81%) did not show such findings. Of the
38 patients with CKD on USG, 21 were known cases
of CKD while 17 patients were diagnosed during the
current admission for ACS. Amongst the CKD pa-
tients, 92.11% had anemia while only 61.43% of pa-

tients without CKD had anemia, which was statisti-
cally significant (p=0.001). This is graphically repre-
sented in (Figure 1). There was a larger proportion
of patients with CKD features on USG, with STEMI
and NSTEMI as the final diagnosis (Table 2). Simi-
larly, Anemia was more common amongst the pa-
tients with MI (Table 3).
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Table 5: Prevalence, short term and long term mortality in patients of ACS with Anemia in studies

Source Number Duration Prevalence
CB Arant et al Florida (2004)2¢ 936 women 3.3years 21%

Amal jamee et al Palestine (2014) 300 3 month 60%
Mamas et al UK (2016)? 422855 4 years 27.7%

Syed et al India(2015)%8 162 In hospital 62.96%
Penta et al India (2016)* 130 In hospital 51.5%

DISCUSSION

Several studies have shown an increased mortality
risk in cardiovascular patients with concomitant
CKD (Table 4). Various studies have also investigat-
ed the prognostic impact of hemoglobin levels in
context with ACS, both in the short term and long
term (Table 5).

With this background, we studied the presentation of
ACS patients coming to a tertiary care centre in
northern India along with the prevalence and impact
of the risk factors CKD and Anemia in ACS. Mean
age and distribution in various age groups in our
study was similar to previous Indian studies 3738, The
second most common presenting complaint of sub-
jects in our study was anxiety/trepidation, symptoms
which Indian clinicians are well versed of, which was
not considered earlier. A significantly higher propot-
tion (57.49%) of patients presented with Killip class
>1. As old age remains a strong predictor of ACS
and majority of ACS in elderly patients are compli-
cated by CHF, patients usually present with failure.
Moreover, our study recruited a relatively large pro-
portion of cardiac biomarker positive ACS, so there
was an increased likelihood of deteriorating clinical
condition at presentation. In our study, around
22.22% patients had a previous history of MI/ACS
and this prevalence was nearly similar to the
CREATE registry in which about 18% patients had
such history at the time of presentation’.However,
only about half of the patients were able to get the
intervention. An explanation to this can be that our
hospital primarily caters to the lower middle/lower
socio-economic class and patients pursue non-
interventional medical management due to economic
constraints. Nearly half the patients in our study had
some pre-existing co morbidity, either hypertension
or diabetes, with a quarter suffering from both. This
was around ten percentage points higher than that
recorded in CREATE registry, which was completed
in 2005 38. A probable explanation for the discrepan-
cy is that according to trends available, the preva-
lence of these non-communicable diseases is increas-
ing in the Indian population, so in the past 12 years
since the CREATE study was done, prevalence may
have increased. Proportion of patients diagnosed as
STEMI was comparable to previous studies whereas
ratio of NSTEMI and UA was variable in different
studies 2%,

There was a greater percentage of anemics in patients
with ACS.Anemia was more prevalent in females,
and it was primarily of a microcytic hypochromic
picture. This conforms to the norm of nutritional
anemia in our country. The average prevalence of
anemia in our study was found to be 72.2% higher
than another similar study by Bhavanadhar et al,
where it was 51.5% 2%. A possible explanation for the
higher prevalence of anemia in our study can be
hospital bias. The studies from other countries are
given in table 6.A lower prevalence of anemia shown
in these studies can be due to a higher prevalence of
anemia in our country as compared to these devel-
oped nations. The widespread anemia is a cause of
concern and prevention of anemia may be a vital key
to decreasing ACS burden. However so, aggressive
treatment of anemia has not been shown to have a
positive impact on prognosis®’. Rao et al. assessed
2401 patients who underwent RBC transfusion dur-
ing hospitalization for ACS and concluded that alt-
hough low hemoglobin levels are associated with
higher mortality, however correcting them by trans-
fusion proved detrimental 4. Bassand JP et al. in a
retrospective analysis of 32170 patients in OASIS
trial, reported baseline anemia in 20.5% patients after
excluding malignancies and hemorrhagic diathesis 41.
They were assessed using GRACE cardio-vascular
risk score, and a significant inverse correlation with
the baseline hemoglobin was observed. Patients with
low hemoglobin were older, mainly females, with
lower BMI, higher heart rate, lower creatinine clear-
ance and low BP. They also tend to have more co-
morbidities like CAD, hypertension, DM or heart
failure.

A surprising fact emerged in studying anemia in dif-
ferent subgroups of ACS. Unlike our study, in a pre-
viously reported study done by Bindra et al., STEMI
was more often observed in non-anemic patients, but
the accurate mechanisms could not be explained?.
The possible explanation to this can be the less
number of CKD patients in UA group as compared
to other two biomarkers positive ACS group pa-
tients. Moreover, CKD is itself a strong predictor of
the presence of anemia.

In our study, almost half the patients diagnosed with
CKD (n=17) on abdominal ultrasound eventually,
had no prior history of it. So at the time of discharge,
we had 35.19% patients with diagnosed CKD. This
proportion was similar to the findings of a study by
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Bhavanadhar et al %7. The percentage of patients with
CKD features on USG, with STEMI; NSTEMI and
Unstable Anginas were 55.81%; 36.36%, and 13.95%
respectively. The correlation of CKD with anemia
was found to be statistically significant with p value
<0.001. NCDR-ACTION reported CKD prevalence
rates of 30.5% among patients with STEMI and
42.9% among patients with NSTEMI®. The mean
hemoglobin levels in CKD patient was found to be
significantly low (p value 0.0001). Anemia has been a
frequent associate of advanced renal disease but may
also occur in lesser degrees of renal impairment be-
cause of reduced erythropoietin production and im-
paired hematopoietic response to this hormone *2.
Furthermore, the combination of renal impairment
and anemia resulted in a bad prognosis in severe
forms of IHDwith heart failure 4.

A major strength of our study is that it assesses the
importance of CKD in conjunction with anemia in
CAD patients, not previously considered in the Indi-
an population, with a relatively broad age group of
patients. Another surprising output was of a signifi-
cant number of newly diagnosed patients with CKD
that presented with ACS. In our study a statistically
significant correlation was found between numbers
of wvariables; there was a positive relationship be-
tween anemia; CKD with ACS. This data could thus
help in planning further future studies on these lines.

Our study also has several limitations. Out study was
a hospital based study and was thus not truly repre-
sentative of the entire population. Our hospital ca-
ters to patients belonging primarily to lower or mid-
dle socioeconomic strata, and the data primarily re-
flects the situation in this cohort. The study popula-
tion consisted of a predominantly urban popula-
tion.It is a small scale study with a limited follow-up
so results cannot be extrapolated.

CONCLUSIONS

Overall, our study shows that both CKD and Ane-
mia are risk factors for adverse CVD outcomes in
the general population. There is a high prevalence of
CVD in subjects with CKD. The presence of CKD,
which should be confirmed with an abdominal ultra-
sound in all CAD patients, seems to be an independ-
ent risk factor for CVD outcomes, particularly in pa-
tients with other comorbidities. These conclusions
are congruous with the NKF task force guidance that
patients with CKD should be placed in the highest-
risk group for CVD events'2We recommend that
regular evaluation for renal disease, like measurement
of spot urine albumin-to-creatinine ratio or total pro-
tein-to-creatinine ratio, should be included as routine
investigations for patients with, or at a higher risk for
CVD.

There appears to be a causative role of anaemia in
the progression of CVD& increased cardiocasvular
morbidity, especially in patients with CKD. Even
mild degrees of anemia may precipitate myocardial
ischemia, particularly in patients with CAD. Our
study concluded that microcytic type was the most
common. Hence large scale iron supplementation
programs may have a significant benefit in reducing
the cardiovascular mortality too.
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