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Abstract
Introduction: Chronic kidney disease (CKD) is an emerging health problem that affects 5-10% of world population

with increasing prevalence and adverse outcomes. Progression of renal disease is associated with
number of complications such as anemia, secondary hyperparathyroidism, CVD, thyroid dysfunction,
dyslipidemia and CKD-BMD (Bone mineral disease).This study was conducted to investigate thyroid
function in CKD patients.

Methods: The present study was a prospective observational study conducted on 150 adult patients of CKD, 50
each from stage 3, 4, and 5 on regular follow up of kidney and dialysis clinic. Demographic features
(age and sex) and medical history of diabetes mellitus, hypertension and cardiovascular diseases of
each patient were noted, and blood samples (5 ml) were analyzed for serum urea, creatinine, glucose,
complete lipid profile, free triiodothyronine (T3), free thyroxine (T4), thyroid stimulating hormone (TSH).

Results: Thyroid dysfunction was found in 32% CKD patients, the most common thyroid dysfunction being
subclinical hypothyroidism (19.33%).Overt hypothyroidism was present in 4.67% of patients. Subclinical
hypothyroidism became significantly common with CKD progression. Prevalence of subclinical
hypothyroidism in stage 3, stage 4 and stage 5 was 10, 16 and 32% respectively.

Conclusions: Thyroid dysfunction significantly affects the CVD outcome in CKD. Our study showed significantly
increased TSH level across CKD stages. This study emphasizes on the importance of regular screening
and treatment of thyroid dysfunction in patients with CKD, which may further help to prevent CVD
risk. This would help in better clinical management of patients with CKD and thus better quality of life
and improved morbidity and mortality. So, the regular checkup of thyroid functions is recommended
in patients with CKD.
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IntroductionChronic kidney disease (CKD) is an emerging healthproblem that affects 5-10% of world population withincreasing prevalence and adverse outcomes. The rapidrise in CKD in developing countries can be attributed toincrease in chronic diseases like diabetes mellitus,hypertension and cardiovascular disease (CVD) [1]. InIndia, the overall prevalence of CKD is 17.2% andprevalence of CKD stage 1,2,3,4 and 5 are 7%, 4.3%, 4.3%,0.8% and 0.8% respectively [2]. Compared to generalpopulation, CKD patients have 7 to 10-fold higher

mortality risk, out of which 40% deaths occur due tocardiovascular causes [3]. Anemia, secondaryhyperparathyroidism, CVD, dyslipidemia and CKD-BMD(Bone mineral disease) are major complications of CKD.Progression of renal disease is also associated withabnormalities in thyroid functions [4]. Thyroid is the oneof the important gland in human body, as it regulatesvarious vital physiological processes in our body. Kidneyis involved in the metabolism, degradation and excretionof thyroid hormones. Any abnormalities in the thyroidfunctions can belinked to various pathologies throughoutthe body. CKD not only interferes with hypothalamus-pituitary-thyroid axis, but also affects the peripheralmetabolism of thyroid hormones. CKD has been knownto affect the thyroid function in many ways like, lowcirculating thyroid hormone levels, altered peripheralmetabolism, insufficient binding to carrier proteins,reduced tissues thyroid hormone content and, altered
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iodine storage in thyroid gland [5]. Progression of CKD isassociated with higher prevalence of primaryhypothyroidism, especially the subclinical form [6]. LowT3 (Triiodothyronine) is most common laboratory findingand subclinical hypothyroidism is most common thyroiddisorder seen in CKD [4]. Hyperthyroidism has beenknown to accelerate the kidney dysfunction, but it is notusually associated with CKD.Thyroid disease increases the CVD risk which mayfurther increase the morbidity and mortality in CKD. Sothe earlier screening and diagnosis of thyroidabnormalities in CKD may retard further progression.Many studies have been done on thyroid function in CKD.Still the results of these studies seemed to be inconsistent.There is paucity of data from developing countries likeIndia and most of the available data is from developedcountries. Hence the present study was done at ourtertiary care centre to more elaboration of the thyroidfunction in CKD patients.
Material and MethodsThe present study was a prospective observational studyconducted on 150 adult patients of CKD, 50 each fromstage 3, 4, and 5 on regular follow up of kidney and dialysisclinic.After taking written informed consent and athorough history, each participant had undergone detailedclinical, biochemical and radiological examination toestablish the stage of CKD. All the patients were assessedfor thyroid functions. Pregnant patients, patients onhormone replacement therapy, on lipid lowering agentsand having thyroid malignancy  were excluded.The studywas approved by ethical committee of Pt. B.D. SharmaUniversity of Health Sciences.The patients were dividedinto three groups: Group A, B and C based on CKD staging.GrGrGrGrGroup Aoup Aoup Aoup Aoup A consisted of 50 patients with eGFR between30-59 ml/min/1.73m2 (CKD Stage III).GrGrGrGrGroup Boup Boup Boup Boup B consisted of 50 patients with eGFR between15-29 ml/min/1.73m2 (CKD Stage IV)GrGrGrGrGroup Coup Coup Coup Coup C consisted of 50 patients with of eGFR < 15ml/min/1.73m2, not on Hemodialysis (CKDstage V)Morning blood samples were taken after an overnightfasting for generation of plasma and serum forbiochemical parameters analysis. Blood hemoglobin,blood urea, random blood sugar, serum creatinine, uricacid, sodium, potassium, calcium, phosphate, totalprotein,fasting lipid profile (Triglycerides, TotalCholesterol, HDL, LDL,VLDL) and creatinine wereanalyzed using certiûed methods at the department ofbiochemistry at PGIMS, Rohtak. Creatinine clearance wascalculated using MDRD formulae. Free triiodothyronine

(FT3),free thyroxine (FT4), Thyroid stimulating hormone(TSH) and Anti-Thyroid Peroxidase (TPO) antibodieswere measured by chemiluminescent immunoassay andhigh sensitivity C-reactive protein (hsCRP)     was measuredbyimmuno-turbidimetry.Thyroid dysfunction was considered if patientsthyroidhormone levels fall outside the reference range;free T3 (1.71–3.71 pg/ml), free T4 (0.80–1.70 ng/ml) andTSH (0.35–4.94 mIU/ml). Euthyroid was considered ifthyroid hormonelevels fall within reference range. Overthypothyroidism was defined as TSH > 4.94 mIU/ml andfree T3 < 1.71 pg/ml and free T4 < 0.80 ng/ml. Subclinicalhypothyroidism was considered if TSH > 4.94 mIU/mland free T3 and freeT4 within reference range. Anti-Thyroid Peroxidase (TPO) antibodies > 34IU/ml wastaken as abnormal.
Statistical AnalysisAt the end of the study, the data was expressed asmean±1SD or range. Probability values of <0.05 wereconsidered to be significant in all the analyses. ANOVAtest was used to analyze differences in quantitativevariables between the groups. The correlations weretested using Pearson correlation coefficient analysis. Allstatistical calculations were carried out using SPSS 21.0software.
ResultsStudy group comprised of 150 cases of CKD. Out of total150 patients, 94 were male and 56 were female. Majorityof patients (84.67%) were above 40 years of age and wereequally distributed in all groups. The mean age of studypopulation was 52 years, ranging from 18 to 75 years.Themost common cause of CKD in all groups was diabetesmellitus (38%) followed by hypertension (23.33%) andchronic glomerulonephritis (14%). Generalcharacteristics of the studied population are summarizedin Table-1. Various biochemical parameter, lipid andthyroid profile as shown in Table -2.Blood urea, creatinineand TSH level increased significantly across CKD stages3–5.Thyroid function status according to CKD stages isshown in Table-3. Thyroid dysfunction was found in 32%CKD patients, the most common thyroid dysfunctionbeing subclinical hypothyroidism (19.33%). Subclinicalhypothyroidism became significantly common with CKDprogression. Prevalence of subclinical hypothyroidism instage 3, stage 4 and stage 5 was 10, 16 and 32%respectively. Serum creatinine, serum apolipo protein-Band hs-CRP were significantly positively correlated withTSH with p value <0.05 and significant negativecorrelation exist between serum albumin and TSH (pvalue <0.05) as shown in Table - 4.
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On performing univariate logistic regression only hs-CRPand serum apolipoprotein-B were the significant riskfactors of low T3 syndrome. With the increase in hs-CRPby 1 unit, risk of low T3 syndrome increases by 53.1%and with the increase in serum apolipoprotein-B by 0.01unit, risk of low T3 syndrome increases by 13.39% andwith multivariate logistic regression only serumapolipoprotein-B was the significant risk factor of low T3syndrome resulting in an increased risk of 10.25% forthe low T3 syndrome with a rise of apolipoprotein-B by0.01 unit.On performing univariate logistic regression BMI, eGFR,hs-CRP, serum apolipo protein-B and serum creatininewere the significant risk factors of subclinicalhypothyroidism. With the increase in BMI by 1 unit, riskof subclinical hypothyroidism decreases by 15.8%, withthe increase in eGFR by 1 unit, risk of subclinicalhypothyroidism decreases by 4.1%, with the increase inhs-CRP by 1 unit, risk of subclinical hypothyroidismincreases by 87.3%, with the increase in serumapolipoprotein-B by 0.01 unit, risk of subclinicalhypothyroidism increases by 26.72% and with theincrease in serum lipoprotein by 1 unit, risk of subclinicalhypothyroidism increases by 16.7% and withmultivariate logistic regressiononly serumapolipoprotein-B was the significant risk factor ofsubclinical hypothyroidism. With the increase in serumapolipoprotein-B by 0.01 units, risk of subclinicalhypothyroidism increases by 42.30%. On performingmultivariate linear regression, after adjusting forconfounding factors, only cholesterol was significantlyaffecting TSH. With the increase in serum cholesterol by1 unit, TSH significantly decreases by .070 units.On performing univariate logistic regression only hs-CRPand serum apolipoprotein-B were the significant riskfactors of overt hypothyroidism. With the increase in hs-CRP by 0.1 unit, risk of overt hypothyroidism increasesby 10.43% and with the increase in serumapolipoprotein-B by 0.01unit, risk of overthypothyroidism increases by 17.09% andwithmultivariate logistic regression, after adjusting forconfounding factors, both hs-CRP and serum apolipoprotein-B were the significant risk factors of overthypothyroidism. With the increase in hs-CRP by 0.1unit,risk of overt hypothyroidism increases by 12.04% andwith the increase in serum apolipo protein-B by 0.01unit,risk of overt hypothyroidism increases by 17.12%.TSH is positively correlated with LDL cholesterol, totalcholesterol, triglycerides and VLDL cholesterol, while it hasa negative correlation with HDL cholesterol. FT3 has areciprocal correlation with all these lipid parameters withrespect to TSH.

DiscussionCKD is one of the serious health problems worldwide,especially in industrialized countries with significantmortality. With progressive decline in renal functions,number of complications become common such asthyroid abnormalities, dyslipidemia, bone mineraldisorder, anemia etc. CKD also affects the function ofendocrine organ including, impaired secretion of kidneyderived hormone, peripheral hormone metabolism,accumulation of hormone inhibitors as well abnormaltarget organ responsiveness. These complicationsincrease the mortality as well as health care cost ofmanagement in CKD patients.CKD and thyroid dysfunction are interlinked conditionswhich mutually affect each other. One can find a thyroiddysfunction in CKD and renal dysfunction in thyroiddisorders. The prevalence of thyroid abnormalitiesbecomes common with the progression of CKD. In CKDthe pituitary receptor response to thyrotropin releasinghormone (TRH) is blunted causing decrease in thyroidstimulating hormone (TSH) release. In addition theresponse of TSH to thyrotropin releasing hormone (TRH)is decreased because of decreased clearance andincreased half life of TSH resulting in feedback inhibitionof TRH [7]. The abnormal serum constituents seen in CKDpatients also displace the T3 and T4 (Thyroxine) fromnormal protein binding sites. There is a transient increasein the T4 levels are usually seen after hemodialysis (HD).This effect is due to use of heparin as anticoagulant whichaffects T4 binding to proteins and leads to increase in T4levels [7]. The decreased T3 levels in CKD is also due tothe iodothyroninedeiodinase which helps in synthesis ofT3 from T4 whose activity is affected by fasting, chronicmetabolic acidosis and chronic protein malnutrition seenin CKD. These factors interfere with protein binding toT3 [7]. The decreased T3 level is because of decreasedperipheral conversion from T4 to T3 due to decreasedclearance of inflammatory cytokines such as TNF-a(Tumour necrosis factor alpha) and IL-1 (Interleukin-1).These cytokines interfere with expression of 1 5’-deiodinase that help in conversion of T4 to T3.Thyroidfunction regulates a wide range of metabolicparameters.Thyroid function has significant impact on lipo proteinmetabolism as well as on some CVD risk factors [8, 9].Overt hypothyroid patients display a variety of lipidabnormalities such as elevated Triglycerides (TG) levelsassociated with increased levels of VLDL and occasionallyfasting chylomicronemia [10,11]. These lipidabnormalities in the patients of hypothyroidismpredispose to the development of cardiovascular disease[12,13]. Subclinical hypothyroidism is also associatedwith dyslipidemia and has been recognized as marker of
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Table 1: Baseline Demographics and Clinical Parameters

* Analyzed by Kruskal Walis test
# Analyzed by ANOVA

Table 2: Baseline Bio-chemical Parameters, Lipid Profile and Thyroid Profile

*eGFR–Estimated Glomerular Filtration Rate,
Apo B–Apolipoprotein-B,
HDL–High Density Lipoprotein,
LDL–Low Density Lipoprotein,
VLDL–Very Low Density Lipoprotein
*-Analyzed by KruskalWalis test
#-Analyzed by ANOVA
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Table 3: Thyroid Dysfunction in different CKD Stages

*Analyzed by Chi square test

Table 4: Correlation of Demographic, Clinical and Bio-chemical Parameters with Thyroid Profile

Spearman rank correlation coefficient
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CVD risk and cardiac dysfunction in various studies[14,15]. So these complications are increasing the overallmortality in CKD patients. In present study, the prevalenceof thyroid dysfunction was found in 32% of CKD patients,the most common being the subclinical hypothyroidism(19.33%), followed by low T3 syndrome (8%) and overthypothyroidism (4.67%), while 68% of the patients wereeuthyroid. Prevalence of subclinical hypothyroidismvaries from 4 to 10% in general population and it hasbeen found that hypothyroidism (overt or clinical)increases the risk of coronary artery disease. Weobserved significant decreasing trend for free T3 andincreasing trend for TSH level across CKD stages 3–5,which suggests that prevalence of hypothyroidismincreases with progression of renal impairment. Ourstudy showed similar results with study done byKhatiwada et al in which they found thyroid dysfunctionin 38.6% of CKD patients, the most common beingsubclinical hypothyroidism (27.2%), followed by overthypothyroidism (8.1%) and subclinical hyperthyroidism(3.3%).16Negative correlation of serum TSH with serumalbumin was seen in this study which is consistent withthe study done by Shantha et al [17]. Some studies showedthat subclinical hypothyroidism is associated with lowgrade inflammation that subsequently leads to raisedhsCRP levels. Positive association of TSH with serumhsCRP was observed in our study which was also reportedby YT Yu et al [18]. There was also positive associationbetween subclinical hypothyroidism and serum apolipoprotein-B consistent with the findings of Efstathiadou Zet al [19].CKD is progressive disease and these patients are atincreased risk of developing thyroid dysfunction.Subclinical hypothyroidism is common finding in CKD,the prevalence increases with degree of renal impairment.Subclinical hypothyroidism has been recognized as astrong predictor of all-cause mortality in chronic dialysispatients and as a risk factor for nephropathy andcardiovascular events in type 2 diabetic patients [20].Various studies demonstrated improvement in cardiacdysfunction caused by subclinical hypothyroidism withthe thyroid hormone supplementations. At present it isstill debatable about the hormone replacement therapyin CKD patients with subclinical hypothyroidism and noguidelines exist for the recommending the hormonereplacement therapy in CKD patients [7]. Further studiesare needed to establish advantage of thyroid hormonesupplementation in CKD.The present study was associated with certain limitations.One of the limitations of this study was that it was a cross-sectional study and no follow up was done. Nointervention was done in this study as well as sample size

was small and no control group was included in thisstudy.A longitudinal study can assess the associationbetween thyroid dysfunction and long termoutcomes inCKD patients.
ConclusionsThyroid dysfunction significantly affects the CVDoutcome in CKD. Our study showed significantlyincreased TSH level across CKD stages. The findings ofpresent study have great clinical signifi-cance. Itemphasizes on the importance of regular screening andtreatment of thyroid dysfunction in patients with CKD,which may further help to prevent CVD risk. This wouldhelp in better clinical management of patients with CKDand thus better quality of life and improved morbidityand mortality. So, the regular checkup of thyroidfunctionsis recommended in patients with CKD.
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