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Abstract

Background: Reduced renal function manifests as reduced glomerular filtration rate (GFR),
which is estimated using the serum creatinine levels. This condition is frequently encountered
among hospitalized adults. Renal dysfunction remains clinically asymptomatic, until late in
the course of disease, and its symptoms and screening strategies are poorly defined. Aim: We
conducted this study to understand if the presence of renal dysfunction related clinical
symptom and signs (either alone or in combination) can predict reduced GFR. Further, we
aimed to determine if the combination of symptoms and signs are useful for prediction of
different levels of reduced GFR. Subjects and Methods: We performed a cross-sectional
clinical prediction study and included all consecutive patients admitted to the medical wards
of the hospital. We used a renal dysfunction related clinical predictors as index tests and
low estimated GFR ([eGFR] < 60 ml/min/1.73 m?) as a reference standard. We identified
symptoms with a high likelihood ratio (LR) for prediction of low eGFR and constructed
different risk score models. We plotted receiver operating curves for each score and used
area under the curve (AUC) for comparison. The score with the highest AUC was considered
as most discriminant. All statistical analysis was performed using the statistical software
STATA (version 11.0, lake drive, Texas, USA). Results: A total of 341 patients participated
in the study. None of the predictor variables had statistically significant LRs for eGFR less
than 60 ml/min or eGFR less than 30 ml/min. Positive LRs were significant for prediction
of eGFR < 15 ml/min for the presence of hypertension, vomiting pruritis, peripheral edema,
hyperpigmentation, peripheral neuropathy and severe anemia. The best predictive model for
eGFR less than 15 ml/min/1.73 m?, included Age > 45 years, the presence of hypertension,
vomiting, peripheral edema, hyperpigmentation, and severe anemia and had AUC of 0.82.
Conclusion: Clinical symptoms and signs are poorly predictive of reduced renal function,
except for very low eGFR of less than 15 ml/min/1.73 m>

Keywords: Clinical predictor, Glomerular filtration rate, Renal dysfunction

Introduction

Reduced renal function is commonly encountered as acute,
chronic or acute-on-chronic subtypes, manifesting as reduced
glomerular filtration rate (GFR). Progressive renal dysfunction
results in declining GFR. While a number of clinical symptoms
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are associated with renal dysfunction, these are largely known
to be non-specific, and many of these manifest with advanced
dysfunction. If GFR continues to remain low for at least
3 months, individuals are classified to have chronic kidney
disease (CKD), which is a global public health problem. It is
estimated that approximately 100,000 new cases of end stage
renal disease (ESRD) develop annually in India.!"

Although, it is important to screen for reduced renal function
and then to follow-up individuals with reduced GFR to
establish chronicity, screening strategies are poorly defined.
Current screening strategies are either disease based (example
screening individuals with hypertension or diabetes mellitus),
or opportunistic (example to systematically screen individuals
seeking health-care for any cause). Symptom based screening
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is more ill-defined and is usually contingent upon thresholds
individual physicians have for CKD related symptoms.

Clinical symptom and sign based screening is challenging
as renal function is preserved until late in the course of the
disease.” Symptoms usually associated with long standing
renal dysfunction (such as anemia, fatigue, edema, polydipsia,
nocturia, anorexia, nausea, vomiting, bone pain, and pruritus)
are either nonspecific or are usually seen only during ESRD.
We do-not know, which symptoms alone or in combination
can best predict presence of renal dysfunction. The research
question for the current study is “among adults seeking
in-hospital care, does the presence of certain renal dysfunction
related symptoms or simple measurements (or combinations
thereof) as compared to the absence of such symptoms help
accurately predict reduced GFR.”

Subjects and Methods

We performed a cross-sectional study in a teaching hospital
in central India. All consecutive adults, admitted to medical
wards of the hospital over a 2-month period (July-August
2011) were included in the study. Patients primarily admitted
for intensive care, dialysis services, those with previously
known CKD kidney disease and those who were in delirium or
were comatose were excluded. These exclusions were carried
out hence as to minimize the bias in symptom ascertainment
either on the part of the interviewer or the respondent. A written
informed consent was sought from all eligible participants. The
study design was approved by the institutional review board
for research in human subjects.

All eligible and consenting participants were administered a

structured pre-tested questionnaire translated in local language

on the day of their admission by a study investigator (VJ). This

questionnaire included the following 18 symptoms and signs:

* Do you currently smoke or consume tobacco products
(smoking)?

* Have you consumed alcohol more than once in the past
12 months (alcohol)?

*  Were you ever told by a doctor that you have high blood
pressure (hypertension)?

*  Were you ever told by a doctor that you have diabetes
(diabetes)?

» Did you have vomiting, on most days in past 3 months
(vomiting)?

* Do you feel pain over any of your limbs, in past 3 months
(bone pain)?

* Do you have pain/discomfort over your calves (muscle
cramp)?

* Do you feel tired most of the times in past 3 months (fatigue)?

* Do you feel that in past 3 months your appetite has reduced
(anorexia)?

* Do you feel thirsty more often than people around you
(polydipsia)?

* Do you need to get up two times or more from sleep to

pass urine (nocturia)?
* Does your skin feel itchy (pruritus)?

In addition, following simple measurements/clinical signs

were recorded

* Presence of pitting on the shin of the tibia after pressing
for 30 s with thumb (pitting edema)

» Presence of puffiness of face as evidenced by loss of facial
wrinkles (puffiness) ?

» Presence of a knuckle pigmentation (hyperpigmentation)

» Absence of bilateral ankle reflex (peripheral neuropathy)

* Presence of a rub on cardiac auscultation (pericardial rub)

* Presence of hemoglobin level of 7 g/dL or less on
automated cell counter as recorded on the patient’s chart
(severe anemia).

Response to all of the above items was recorded as either
present or absent. The investigator who administered this
questionnaire was blinded to serum chemistry or imaging.
Another investigator (SK) retrieved electronic hospital records
of all included patients and abstracted the on-admission serum
creatinine values. GFR for all study participants was estimated
using the Modified Diet in Renal Disease equation!®! as follows:

Estimated GFR (¢GFR) (ml/min/1.73 m?) =186 x (P_) 15
(age) 2% (x0.742 for women)

Each of the 18 symptoms or signs was coded as a dichotomous
variable. We used three meaningful cut-offs for eGFR (less than
15, Less than 30 and less than 60 ml/min/1.73 m?) as reference
values for different levels of renal dysfunction. We constructed
2 x 2 tables for each symptom or sign as an index test and at
different levels of renal dysfunction. We estimated positive and
negative likelihood ratios (LR) and their confidence intervals
for each symptom or sign. Since none of the symptoms or
signs had a significant positive or negative predictive values at
eGFR cut-off of less than 60 or less than 30, we selected those
symptoms or signs, which had a significant LR (confidence
interval of the LR did not include 1.0), and the point estimate
of LR of greater than 2.0. Seven symptoms and signs met these
criteria (vomiting, pruritus, hypertension, edema, peripheral
neuropathy, hyperpigmentation and anemia). Since age is
another important predictor of reduced GFR, in addition to
these seven predictors, we used age more than 45 years as
eighth variable to construct subsequent predictive models.
We used different combinations of these eight variables, in
a logistic regression model, with reduced eGFR of less than
15 ml/min/1.73 m? and less than 30 ml/min/1.73 m? as reference
standards. For each model, we plotted receiver operating curves
and used area under the curve (AUC) for comparison. The
model with best AUC was considered as most discriminant. All
statistical analysis was performed using the statistical software
STATA (version 11.0, lake drive, Texas, USA).
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Results

A total of 341 patients were included in the study (mean age
35.4112.8], 48% women). Of all participants 55.1% (188/341)
had eGFR greater than 60 ml/min, and 44.9% (153/341) had
renal dysfunction as evidenced by eGFR less than 60 ml/min.
Actotal of 117 34.4% (117/153) individuals had eGFR between
30 ml/min and 60 ml/min, 5.8% (20/153) had eGFR between
15 ml/min and 30 ml/min and 4.7% (16/153) had eGFR of
less than 15 ml/min. The distribution of various symptoms
and signs is summarized in Table 1.

We estimated LRs and their 95% confidence intervals for each
of these clinical symptoms and signs, with different levels of
reduced eGFR as the reference standard. The positive and
negative LRs are summarized in Table 2. None of the predictor
variables had statistically significant LRs for eGFR less than
60 ml/min or eGFR less than 30 ml/min. Positive LRs were
significant for prediction of eGFR < 15 ml/min for presence of
hypertension (2.54 [95% CI 1.48-4.34], vomiting [2.57 (95%
CI 1.68-3.93]), pruritis (2.77 [95% CI 1.79-5.52]), peripheral
edema (2.80 [95% CI 1.63-4.82]), hyperpigmentation
(5.64 [95% CI 2.4-13.3], peripheral neuropathy (3.25 [95%
CI 1.28-8.22]) and anemia (Hb < 7 g/dL) (4.64 [95% CI
1.79-12.0]).

We used the above variables along with age, in predictive
models, to identify the best combination of clinical symptoms
and signs which may be used to screen for reduced renal
function. Using logistic regression techniques, the best
predictive model for eGFR less than 15 ml/min/1.73 m?,
included Age > 45 years, presence of hypertension,
vomiting, peripheral edema, hyperpigmentation, and anemia
(Hb <7 g/dL). The AUC for this model was 0.82 [Figure 1].

The same model was predictive of eGFR less than
30 ml/min/1.73 m?, with an AUC of 0.69. The different
models and their AUCs are summarized in Table 3. Overall
the predictability for eGFR less than 15 ml/min was better as
compared to 30 ml/min.

Discussion

In the current study, we demonstrated that clinical symptoms
and signs suggestive of reduced eGFR donot predict eGFR
less than 60 ml/min; however predictability improves for very
low eGFR (less than 15 ml/min/1.73 m?). Individuals above
45 years of age, who have hypertension, vomiting, peripheral
edema, and hemoglobin less than 7 g/dL are likely to have
eGFR less than 15 ml/min/1.73 m?.
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Figure 1: Receiver operating curve for prediction of renal dysfunction
(estimated glomerular filteration rate less than 15 ml/min/1.73 m?) using
age, hypertension, vomiting, peripheral edema, hyperpigmentation,
and anemia (Hb < 7 g/dL) as predictors

Table 1: Distribution of clinical features by eGFR

Clinical variable All (n=341) eGFR>60 (n=188) eGFR 30-60 (n=117) eGFR15-30 (n=20) eGFR<15 (n=16)
(%) (%) (%) (%) (%)
Smoking 75 (21.9) 39 (20.7) 33 (28.2) 2(10) 1(6.2)
Alcohol intake 76 (22.2) 38 (20.2) 31 (26.4) 4 (20) 3(18.7)
Hypertension 72 (21.1) 21 (11.1) 37 (31.6) 6 (20) 8 (50)
Diabetes 48 (14.0) 19 (10.1) 23 (19.6) 3 (15) 3(18.7)
Vomiting 88 (25.8) 49 (26.0) 23 (19.6) 6 (30) 10 (62.5)
Bone pain 112 (32.8) 51 (27.1) 47 (40.1) 8 (40) 6 (37.5)
Muscle cramp 170 (49.8) 62 (32.9) 84 (71.7) 12 (60) 12 (75)
Fatigue 177 (51.9) 77 (40.9) 78 (66.6) 11 (55) 11 (68.7)
Anorexia 120 (35.1) 60 (46.8) 45 (38.4) 6 (30) 9 (56.2)
Polydipsia 98 (28.7) 36 (19.1) 46 (39.3) 10 (50) 6 (37.1)
Nocturia 91 (26.6) 32 (17.0) 47 (40.1) 5 (25) 7 (43.7)
Pruritus 50 (14.6) 17 (9.0) 25 (21.3) 2(10) 6 (37.5)
Pedal edema 66 (19.3) 26 (13.8) 29 (24.7) 3 (15) 8 (50)
Puffiness of face 17 (4.9) 5(2.6) 9(7.6) 1(5) 2 (12.5)
Hyperpigmentation 23 (6.7) 8 (4.2) 9(7.6) 1(5) 5(31.2)
Peripheral neuropathy 29 (8.5) 8 (4.2) 13 (11.1) 4 (20) 4 (25)
Pericardial rub 7 (2.0) 2(1.0) 5(4.2) 0 (0) 0 (0)
Anemia (Hb<7 g/dL) 153 (44.8) 114 (60.6) 24 (20.5) 6 (30) 9 (56.2)

Hb: Hemoglobin, eGFR: Estimated glomerular filteration rate. eGFR is expressed as ml/min/1.73 m? body surface area
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Table 3: Different predictive models for detection of reduced renal function

Model Age more Hypertension Anemia Peripheral Vomiting Hyperpigmentation Pruritis Edema AUC
than 45 neuropathy

Models for prediction of eGFR less than 15 ml/min/1.73 m?

1 X X X X X 0.7915
2 X X X X X 0.7934
3 X X X X X 0.8088
4 X X X X X X 0.8209
5 X X X X 0.7965
6 X X X 0.7738
7 X X X X 0.7929
Models for prediction of eGFR less than 30 ml/min/1.73 m?

1 X X X X X 0.6803
2 X X X X X 0.6634
3 X X X X X X 0.7003
4 X X X X X X 0.6909
5 X X X X 0.6785
6 X X X 0.6643
7 X X X X 0.6744

The ‘x’ symbol indicates that the variable was used in the predictive model, veGFR: Estimated glomerular filtration rate, AUC: Area under the curve

Lack of predictability for eGFR less than 60 ml/min/1.73 m?
emphasizes that symptom based screening for renal dysfunction
is a poor technique, and will have low sensitivity. Thus,
opportunistic and disease based on screening remain important
for screening for renal dysfunction. Serum creatinine
measurement hence remains only screening tool, as detection
of renal dysfunction before development of overt clinical
symptoms and signs is the key to prevent further deterioration
in the renal functions.

Given the huge burden of chronic diseases, such as diabetes
mellitus and hypertension, and increasing burden of CKD,
simpler tools to assess serum creatinine levels are required.
As of now, there is no point of care test to estimate serum
creatinine levels. However developments in the field of lateral
flow technologies, microfluidics, and dry chemistry could make
such a measurement possible. Examples of such a development
in technology are availability of point of care natriuretic
peptide and glycosylated hemoglobin levels. Similar test, if
made available for serum creatinine levels, can supplement
current proteinuria based screening for renal dysfunction.

Our study has several strengths. This is one of the first attempts
to quantify various signs and symptoms for diagnosis of reduced
renal function. While various risk scores have previously been
reported in relation to CKD,*” but these all predict future
cardiovascular events in those with manifest CKD. In one
study by Taal and Brenner risk scores have been emphasized
as practical tools to help stratify patients at increased risk of
CKD.®I'We evaluated different symptoms and signs in a blind
and independent manner and hence as to reduce interviewer/
observer bias in their interpretation. We excluded patients at
a high-risk for acute renal failure (such as critically ill), and
those who were previously known to have CKD and were on
dialysis therapy to reduce reporting bias in these symptoms.

However, our study also has some important limitations.
First, we did not evaluate the type of renal dysfunction by
either etiology, or chronicity. eGFR measurements exhibit
a high degree of intra individual variability and ideally
require second measurements to accurately represent kidney
function.,”!”? Second, study was among hospitalized adults
and hence individuals with or without renal dysfunction
would have a high prevalence of symptoms and signs. Each
of the 18 clinical features, we evaluated is non-specific
and have multiple possible etiologies. However, both these
limitations mimic real clinical scenarios, where myarid
presentations often masquerade renal dysfunction. Third,
although the symptoms and signs were best predictive of
eGFR less than 15 ml/min/1.73 m?, less than 5% patients
belonged to this group. This is likely to result in imprecise
estimates and wide confidence intervals. Fourth, we did not
measure certain other parameters such as a socio-economic
status, height, weight, or body mass index, which could have
been predictive. Last, we estimated renal dysfunction based
on MDRD formula, which has its own limitations that it is
most accurate for eGFR less than 30 ml/min/1.73 m?.[") The
impact of calibration on the accuracy of the GFR estimating
equation is now well-recognized. Errors in GFR estimates
using uncaliberated serum creatinine concentration are
larger at higher levels of GFR and although are smaller
near 60 ml/min/1.73 m?, they can still cause substantial
differences in estimated prevalence of CKD when applied to
large populations. These errors were the lowest in individuals
with a GFR less than 60 ml/min/1.73 m?. For example, a GFR
estimates of 30 ml/min/1.73 m? would have an expected range
0f25-31 ml/min/1.73 m? (—17-+3%), which is not likely to be
clinically significant. However, an e¢GFR of 90 ml/min/1.73 m?
was associated with an error range of 62-100 ml/min/1.73 m?
(—31-11%), which is likely to be significant.
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Conclusion

This study evaluates various symptom-sign-combinations,
which may be helpful to screen for renal dysfunction in
hospitalized adults. Clinical symptoms and signs are poorly
predictive of reduced renal function, except for very low eGFR
of less than 15 ml/min/1.73 m? However, early diagnosis of
renal dysfunction cannot reliably be made using the classical
clinical features and hence invasive techniques remain the
mainstay for screening.
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