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Introduction

Chronic kidney disease is a global health threat which is associated
with increase in morbidity and mortality. It is defined as kidney
damage or an estimated glomerular filtration rate eGFR
<60ml/min/1.73m persisting for 3 months or more, irrespective of
cause. Initially, it manifests only as a biochemical abnormality but,
eventually, loss of excretory, metabolic and endocrine functions of
the kidney leading to clinical symptoms and signs of renal failure,
collectively referred to as uremia.

In physiologic conditions, both the kidneys and the thyroid
are intimately related. While thyroid hormones are necessary for
growth and development of kidney and for the maintenance of water
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and electrolyte balance, the kidneys are involved in the metabolism
and clearance if thyroid hormones.

The decline in kidney function affects thyroid function in
multiple ways, including effects on hypothalamo-pituitary-thyroid
axis, low circulating thyroid hormone concentration, altered
peripheral hormone metabolism and disturbed binding to carrier
proteins 161,

There is a considerable overlap between the symptoms of
CKD and hypothyroidism like fatigue, lethargy, edema, cognitive
and sexual dysfunction. Hence it is difficult to exclude thyroid
abnormality merely on clinical basis, Various studies have been
conducted on thyroid profile in CKD patients, ending with
conflicting results. It has been suggested that primary
hypothyroidism may be more Common in patients with end stage
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renal disease compared to general population. In addition a number
of thyroid hormone abnormalities have been reported even among
euthyroid CKD patients in the form of reduced total and free
triiodothyronine and thyroxine levels 7!,

Previous studies have suggested that uremic patients have an
increased thyroid volume compared to subjects with normal renal
function and a higher prevalence of goiter, mainly in women. Also,
thyroid nodules and thyroid carcinoma are more common in uremic
patients than in the general population.

In view of above, the relationship between kidney function
and thyroid abnormalities have to be made clear. Therefore, the
present study was planned to determine the correlation between
severity of chronic kidney disease and the status of thyroid function.

Materials and Methods

Source of Data: Patients attending Department of General Medicine
and Nephrology at tertiary care center in Bangalore diagnosed with
chronic kidney disease.

Study Period: 18 months

Sample Size: 50 patients who are diagnosed to have chronic kidney
disease.

Study Design: Descriptive Cross sectional study
Inclusion Criteria

1. Patients diagnosed as chronic kidney disease as per
KDIGO Definition of CKD irrespective of aetiology
2. Age more than 18 years.

Kdigo Criteria for CKD
CKD is defined as abnormalities of kidney structure or function,
present for more than 3 months, with implications for health.

Criteria for CKD (either of the following present for more than 3
months)

Markers of kidney e  Albuminuria (AER more than
damage (one or 30mg/24 hours)
more) e  urinary sediment abnormalities

e clectrolyte and other abnormalities
due to tubular disorders
e abnormalities detected by histology
e  structural abnormalities detected by
imaging
e history of kidney transplantation
Decreased GFR GFR less than60 ml/min/1.73m?

Table 1: Distribution of Cases According to Age

Exclusion Criteria

1. Patients with known or clinically suspected thyroid
dysfunction.

2. Patients who are already on thyroid hormone treatment or
antithyroid medications.

3. Women with pregnancy.

Methodology

1. Patients with known case of chronic kidney disease after
assessing for inclusion and exclusion criteria will be
enrolled for study after informed consent.

2. Patients will be evaluated, followed by basic
investigations like complete blood count, urine routine,
blood urea and serum creatinine.

3. Thyroid Profile (FT3, FT4, TSH) will be done through
ELISA method by COBALT 6000 Analyser by collecting
5 ml Venous blood in heparin free disposable syringe.

4. GFR will be calculated by MDRD formula.

Equation from the Modification of Diet in Renal
Disease study
Estimated GFR (mL/min per 1.73 m?) = 1.86 X (S¢) '
x (age) 020
Multiply by 0.742 for women
Multiply by 1.21 for African ancestry

5. TSH, FT3, FT4, values obtained in each patient will be
correlated with e-GFR to find the nature of correlation and
its significance by calculating P value in order to study the
relationship between thyroid dysfunction and severity of
CKD

Normal Laboratory Values

e  Serum thyroid stimulating hormone (TSH) - 0.27 to 4.20
micro/ml

e  Serum free T4 - 12.3 to 21.3 pmol/L

e  Serum free T3 - 2.6 to 4.4 Pg/ml

e  Blood urea - 17 to 43 mg/dl

e  Serum creatinine - 0.6 to 1.2 mg/dl

Results and Discussion

In this study, 50 patients, who were diagnosed to have chronic
kidney disease were subjected to a number of investigations
including thyroid profile. The following results were obtained after
statistical analysis:

1. Age Distribution

AGE (in Years) Number of subjects Percentage (%)
<30 3 6

31-40 2 4

41-50 8 16

51-60 12 24

61-70 18 36

>70 7 14

Total 50 100
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AGE (Yrs)

14.0% 6.0% a4.0%

16.0% <30
H31-40
u41-50
H51-60
36.0% 61-70
24.0% u>70
Flgure 1: Distribution of Cases According to Age
2. Gender Distribution
Table 2: Distribution of Cases According to Sex
SEX Number of subjects Percentage (%)
Male 31 62
Female 19 38
Total 50 100
SEX
HMale
LFemale
62.0%
Figure 2: Distribution of Cases According to Sex
3. Distribution According to Stage of CKD
Table 3: Distribution of Cases According to CKD Stage
CKD STAGE Number of subjects Percentage (%)
3 5 10
4 12 24
5 33 66
Total 50 100
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Figure 3: Distribution of Cases According to CKD Stage
4. Mean E-GFR, Blood Urea and Serum Creatinine in Relation to Stages Of CKD

Table 4: Mean E-GFR Values in Various CKD Stages

PARAMETER CKD STAGE Mean SD p value
e-GFR(ml/min/1.73 m2) 3 44.6 10.5
4 21.8 43
8.7 3.1
5 <0.001*

Note: *means significant at 5% level of significance (p<0.05)
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Figure 4: Mean E-GFR Values in Various CKD Stages
As the CKD stage progressed, mean e-GFR decreased.

Table 5: Mean Blood Urea Levels in Various CKD Stages

PARAMETER CKD STAGE Mean SD p value
BLOOD UREA (in mg/dL) 3 41.8 213

4 843 35.7

5 126.3 68.7 0.007*

Note: *means significant at 5% level of significance (p<0.05)
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Figure 5: Mean Blood Urea Levels in Relation to CKD Stages

Table 6: Mean Serum Creatinine Levels in Various CKD Stages

PARAMETER CKD STAGE Mean SD p value
SERUM CREATININE (in mg/dL) 3 1.7 0.3
4 2.8 0.8 <0.001*
5 7.0 3.6
Note: *means significant at 5% level of significance (p<0.05)
CREATININE (mg/dl)
20.0
8 150
=
10.0
5.0 E—
) |
3 : 5
CDK AGE ST

Figure 6: Mean Serum Creatinine Levels in Various CKD Stages
5. Case Distribution According to TSH Levels

Table 7: Distribution of Cases According to TSH Levels

TSH Levels Number of subjects Percentage (%)
Increased 15 30

Normal 35 70

Total 50 100
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TSH
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Figure 7: Distribution of Cases According to TSH Levels

6. Case Distribution According to Free T4 Levels

Table 8: Distribution Of Cases According to Ft4 Levels

FT4 Levels Number of subjects Percentage (%)
Decreased 25 50
Normal 25 50
Total 50 100
FT4
¥ Decreased
50.0% 50.0%

i Normal

Figure 8: Distribution of Cases According to Ft4 Levels

7. Case Distribution According to Free T3 Levels

Table 9: Distribution of Cases According to Ft3 Levels

FT3 Levels Number of subjects Percentage (%)
Decreased 21 42
Increased 23 46
Normal 6 12
Total 50 100
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Figure 9: Distribution of Cases According to Ft3 Levels
8. Mean TSH Levels in Various CKD Stages
Table 10: Mean TSH Levels in Relation to CKD Stages
PARAMETER CKD STAGE Mean SD p value
TSH Levels in (micro/ml) 3 2.6 1.8
4 3.9 29 <0.001*
5 5.5 1.9
Note: *means significant at 5% level of significance (p<0.05)
TSH (micro U/ml)
58
53
48
43
c
g 38
33
28 1
23
18
3 4 5
CKD STAGE
Figure 10: Mean TSH Levels in Relation to CKD Stages
9. Mean Ft4 Levels in Various CKD Stages
Table 11: Mean Ft4 Levels in Relation to CKD Stages
PARAMETER CKD STAGE Mean SD p value
3 12.2 52
FT4 Levels in (pmol/L) 4 9.5 6.0 0.596
5 8.9 5.1
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Figure 11: Mean Ft4 Levels in Relation to CKD Stages

Results revealed that, as the stage of CKD worsened, mean FT4 levels decreased.

10. Mean Ft3 Levels in Various CKD Stages

Table 12: Mean Ft3 Levels in Relation to CKD Stages

Mean

37.0

35.0

33.0

31.0

29.0

27.0

25.0

4
CKD STAGE

PARAMETER CKD STAGE Mean SD p value
3 34.6 45.6
FT3 Levels (in pg/ml) 4 32.6 379 0.825
5 279 344
FT3 (Pg/ml)

Figure 12: Mean Ft3 Levels in Relation to CKD Stages

11. Correlation Of E-GFR In Relation to TSH, Ft4 and Ft3
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Figure 15: Correlation Of E-GFR with Ft3
Table 13: Correlation of E-GFR With TSH, Ft4, Ft3
e-GFR(ml/min/1.73 m2)
Parameters Correlation coefficient p value
TSH -0.342 0.007*
FT4 0.377 0.003*
FT3 0.352 0.006*

Note: *means significant at 5% level of significance (p<0.05)
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12. Analysis of Thyroid Function Test in CKD Patients

Table 14: Thyroid Abnormalities in 50 CKD Patients

Thyroid Abnormalities Number of subjects Percentage (%)
Euthyroid 20 40
Sub Clinical Hypothyroid 8 16
Hypo Thyroid 14
Low T3 Syndrome 15 30
Total 50 100
40
40 =
35 -
m -
)
© 25 -
5 20 -
=4
o 15 -
10 -
5 -
0
NORMAL SUB CLINICAL HYPO LOWT3
THYROID SYNDROME
Figure 16: Thyroid Abnormalities in 50 CKD Patients
13. Distribution of Thyroid Abnormalities in Relation to the Stage of CKD
Table 15: Distribution of Thyroid Abnormalities in Relation to the Stage of CKD
CKD STAGE
Thyroid Abnormalities 3 4 5 Total p value
N % N | % N %
Euthyroid 2 10.0 3 15.0 15 75.0 20
Subclinical- Hypothyroid 1 12.5 3 37.5 4 50.0 8
Hypo-Thyroid 0 0.0 2 28.6 5 71.4 7 0.893
Low T3 Syndrome 2 133 4 26.7 9 60.0 15
Total Number of Patients with Thyroid Abnormality 3 10.0 9 30.0 18 60.0 30
Thyroid Abnormalities
25 -
L]
b
3
L
o
2 ul CKD STAGE 5
" CKD STAGE 4
CKD STAGE 3
|
NORMAL LOWT3
SUB CLINICAL HYPOTHYROID gynDROME
Figure 17: Distribution of Thyroid Abnormalities in Relation to the Stage of CKD
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Discussion

Our study was a descriptive cross sectional study conducted on 50
patients diagnosed to have a chronic kidney disease as per KDIGO
criteria, fulfilling inclusion and exclusion criteria, presenting to
Department of General Medicine and Nephrology in tertiary care
Centre in south India. The study was conducted over a period of 18
months. All the 50 patients were subjected to number investigations
like thyroid function tests and renal function test. e-GFR was
calculated according to MDRD formula and staged according to
KDIGO classification of chronic kidney disease.

Majority of the subjects were, i.e 36%, belonged to the age
group of 61-70 years whereas in the study conducted by Joan C Lo,
Glenn M, et al.”’!, the mean age was 48.7 years. Our study had the
least distribution, i.e 4%, in the age group of 31- 40 years.

In our study 62% of the subjects were males and 38% were
females as compared to the study by Joan C Lo, Glenn M, et al."”!
where 48% were males and 52% were females.

The 50 subjects were then categorized into various stages
using e-GFR according to KDIGO classification of chronic kidney
disease. In the present study, 10% of the subjects belonged to stage
3, 24 % belonged to stage 4 and 66 % belonged to stage 5. The study
conducted by Asif M, Akram M, ez al.!'%! in 2012, had 29.2% in
stage 3, 36.9% in stage 4, 29.2% in stage 5 and the rest in stages
land 2.

Mean urea levels (in mg/dL) in our patients belonging to
stage 3 was 41.8 +/- 21.3, stage 4 was 84.3+/-35.7and those
belonging to stage 5 was 126.3+/-68.3.

Similarly mean creatinine levels (in mg/dL) in our patients
belonging to stage 3 was 1.7 +/- 0.3, stage 4 was 2.8+/-0.8 and those
belonging to stage 5 was 7.0+/-3.6

Mean e-GFR of our patients was 44.6+/-10.5,21.8+/-4.3 and 8.7 +/-
3.1 which are comparable to 41.01+/- 8.32, 21.35 +/-3.59 and
10.41+/-4.61 in stages 3, 4 and 5 respectively according to study
done by Asif M, Akram M, et al.'"!.

Study of Thyroid Profile in CKD Patients

All the above 50 CKD patients were evaluated for TSH, FT4 & FT3
levels. It was found that 15 patients (30%) had increased TSH levels
and in 35 patients (70%) TSH levels were in normal range. This is
comparable to a study by Gandham Rajeev ef al. conducted on 45
CKD patients in NRI medical college and General Hospital Guntur
in the year 2015, where 70% of them had increased TSH

Likewise, 25 patients (50%) had decreased FT4 levels while
25 patients (50%) had normal values. In case of FT3 levels, it was
found that 21 patients (42%) had decreased levels, 23 patients (46%)
had increased levels and remaining 6 patients (12%) had normal
levels. A similar study done by K. Liewendahl et al. on 56 CKD
patients concluded that mean concentration of FT4, more
significantly, and to an extent FT3 decreases in patients with chronic
renal failure.

The mean TSH values (microU/mL) of subjects categorised
under stages 3 is 2.6 +/-1.8, stage 4 is 3.9+/-2.9 and stage 5 is 5.5+/-
1.9. Hence, it can be concluded that as CKD progressed, mean TSH
levels increased.

Our study revealed mean FT4 values (pmol/L) of 12.2+/-52,
9.8+/-6.0 and 8.9+/-5.1 in CKD stages 3, 4 and 5. From the above
results it can be concluded that as the CKD stage worsened FT4
levels decreased.

The above results are comparable to that derived in the
previous study conducted by Asif M, Akram M, et al. (10) wherein
FT4 levels decreased and TSH levels increased similarly with
progression of the CKD stage.

WWW.ijirms.in

On analyzing the Thyroid function tests in 50 subjects,
overall 30 patients (i.e 60%) had thyroid abnormalities. Among
which 14% had hypothyroidism, 16% had subclinical
hypothyroidism and 30% had low T3 syndrome. The remaining 20
patients (i.e 40%) were in euthyroid state.

These results are comparable to the previous studies like the
one conducted by Asif M, Akram M, et al.""! where the prevalence
of hypothyroidism was more than 20% in patients with CKD stage
3 or above. A study by Michel Chonchol, Giuseppe Lippi ef al. from
university hospital of Verona, Italy in the year 2008 which
demonstrated subclinical hypothyroidism in 18% of patients with
CKD. Sang Heon Song, Thm Soo kwak, ef al. from Pusan National
University Hospital, Korea in the year 2008 showed that 11.3% of
the patients enrolled had low T3 levels as compared to 30% as found
in our study.

Lin Y, Tarng D, et al. from china in the year 2012 [
described CKD is a well-known cause of non-thyroidal illness
syndrome and affects all levels of the hypothalamo-pituitary-thyroid
axis. The study also quoted that low T3 syndrome (which reflect a
diminished conversion of T4 to T3 in the periphery) is the most
frequently observed thyroid alteration in CKD patients.

Furthermore when these thyroid abnormalities were
analyzed in relation to various stages of CKD, it was found that
among 30 patients with thyroid

Abnormalities 10% of the patients belonged to stage 3, 30%
of the patients belonged to stage 4 and remaining 60% belonged to
stage 5

This is consistent with the study by Lo ez al.!"*! wherein they
showed that the prevalence of clinical and subclinical
hypothyroidism increased with progressively lower levels of kidney
function. The prevalence of hypothyroidism was 5.4%, 10.9%,
20.4%, 23.0%, and 23.1 % in stages 1, 2, 3, 4, and 5

From above results it is evident that patients with CKD are
more prone to develop thyroid dysfunctions like hypothyroidism,
subclinical-hypothyroidism and low-T3 syndrome. It is also evident
that as the severity of kidney disease increases, the number of
patients having thyroid abnormalities increases

Correlation of Thyroid Profile with E-GFR in CKD Patients
GFR values of the 50 CKD patients included in our study was
correlated with TSH, FT4 & FT3 values individually and a linear
regression analysis graphs were plotted as shown in Figure 15, 16
&17. Co-efficient of correlation (r) and p value were calculated
separately for each of the above parameters.

The linear regression graph plotted between e-GFR Vs TSH
(as seen in Figure 15) showed an inverse correlation suggesting that
as e-GFR decreases, TSH levels increases. The p value calculated
was 0.007 which is statistically significant.

Whereas regression graph plotted between e-GFR Vs FT4
and e-GFR Vs FT3 showed a positive correlation (as shown in
Figures 16 & 17), suggesting that as e- GFR decreased, FT4 & FT3
levels decreased. The p values calculated for the above were 0.003
and 0.006 respectively, both of which are statistically significant.

Our above correlation study is consistent with study by, Asif
M, Akram M, et al.""! where they described that there was a graded
increase in likelihood of subclinical hypothyroidism and clinical
hypothyroidism with progressively lower e- GFR. The study showed
a significant inverse association between e-GFR and TSH levels.

Similarly, Sang Heon Song, IhmSooKwak, et al. did a study
using linear regression analysis to find out the relationship between
eGFR and serum T3 and concluded that there is a positive
relationship between the two in both males and females.
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Hence it can be derived that, as eGFR decreases, TSH
increases, while FT3 and FT4 decreases.

Finally to summarize, according to our study, biochemical
parameters of thyroid function gets altered in patients with chronic
kidney disease. The TSH values increases, while FT3 and FT4
values decrease. These changes become more apparent as the stage
of CKD worsens. These changes can manifest either as clinical
hypothyroidism, subclinical hypothyroidism or low T3 syndrome.

Similar correlation was obtained between e-GFR values
with TSH, FT3 and FT4 levels. As e-GFR decreases, TSH increases
whereas FT3 and FT4 decreases.

Conclusion

In our study, we found that patients with chronic kidney disease are
frequently associated with biochemically altered thyroid function.
The overall prevalence of thyroid dysfunction among 50 CKD
patients included in the study is 60%.

Out of the above 60%, 14 % of the patients had clinical
hypothyroidism, 16 % had subclinical hypothyroidism & 30 % of
the patients were categorised under low T3 syndrome.

The prevalence of each of the above thyroid abnormalities
were then studied in various stages of CKD. The results revealed that
as the stage of CKD progressed, the prevalence increased.

Among all the CKD patients with thyroid abnormalities, 10
% of them belonged to stage 3, 30 % belonged to stage 4 while
majority of them, i.e 60%, belonged to stage 5.

Furthermore, our correlation studies of eGFR with TSH,
FT3 and FT4 individually, revealed that eGFR has an inverse
relationship with TSH and direct relationship with FT3 and FT4.
This implies that as eGFR decreases TSH increases whereas FT3 and
FT4 levels decrease.

List of abbreviations

CKD: Chronic Kidney Disease
ESRD: End stage renal disease
FT3: Free Tri-iodothyronine

FT4: Free Tetra-iodothyronine
eGFR: Estimated Glomerular Filtration Rate
PTH: Parathyroid hormone

T3: Tri-iodothyronine

T4: Tetra-iodothyronine

TBG: Thyroid binding globulin
TSH: Thyroid stimulating hormone
TT3: Total Tri-iodothyronine

TT4: Total Tetra-iodothyronine
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