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� � 빠르게�변화하는�의료기술과�의학연구의�수요로�다양한�코호트�자료의�발굴이�요구된다.�

특히�병원�자료는�일반인구를�대상으로�한�검진에는�포함되지�않은�여러�정보가�포함되어�

있어� 의학연구의� 가장� 기본적이고� 중요한� 자료이다.� 하지만� 환자의� 예후� 분석에� 있어�

중도탈락이�많고�타�병원으로�전원�된�경우에는�향후�어떤�관심�사건이�발생하였는지�알�

수�없는�단점이�있다.�이런�점에서�병원에서의�정보�(예를�들면�특정�검사�소견)를�건강보험공단�

(예를�들어�사망자료나�특정�질환�발생�정보)청구�자료에�연계하여�분석할�수�있다면�각�

정보의�단점을� 보완할�수�있는� 중요한�연구�코호트로�사용될�수�있다.

� � 본�연구는� 2006년부터� 2015년까지� 10년간�본원에서�혈중�요산�수치�검사를�시행한�

9만여명의�환자�정보를�건강보험공단�자료에�연계해�2017년까지�추적관찰하며�요산�수치에�

따른�주요�심혈관계�질환�및�사망을�분석하였다.�평균�5년간의�추적관찰�동안�약�8000명에서�

심혈관�질환�및�사망이�발생하였는데�기저�요산�수치가�높을수록�심혈관�질환과�연관된�

합병증�위험이�높음을�확인하였다.�관찰�연구의�한계로�요산�검사가�검진�항목으로서�추가�

되어야�하는지에�대한�결론을�내리기에는�무리가� 있으나�요산과�심혈관�질환�위험간의�

연관성을�규명한�본�연구는�향후�관련된�전향적�임상연구나�검진항목으로서의�비용-효과�

분석�등의�필요성을�제시하는�기초자료로서�의미가�있다.�무엇보다도,�병원-공단간의�자료�

연계가�각각의�한계를�서로�보완할�수�있음을�확인하여�앞으로의�다양한�의학�혹은�정책연구에�

유용한�연구� 방법이�될�수� 있을�것으로�기대된다.

� � 끝으로�본�보고서에서�저술한�내용은�저자들의�의견이며,�보고서�내용상의�하자가�있는�

경우�저자들의�책임으로�국민건강보험�일산병원�연구소의�공식적인�견해가�아님을�밝혀둔다.

2020년� 7월

국민건강보험공단� 이사장� � �김 용 익
국민건강보험�일산병원장� � �김 성 우

국민건강보험공단� 건강보험연구원장� � �이 용 갑
국민건강보험� 일산병원� 연구소장� � �오 현 철

머리말



iv

요약� ························································································································ 1

제1장� � 서� � 론 ········································································································ 5

제1절� 연구의�배경�및� 필요성 ················································································ 7

제2절�연구�목적 ····································································································· 8

제3절� 기대되는�효과 ······························································································ 8

제2장� � 연구대상�및� 방법 ····················································································· 9

제1절� 연구� 대상 ····································································································· 11

제2절�연구�자료 ···································································································· 12

제3절� 결과변수�및�관심변수 ··············································································· 13

제4절�통계학적�분석방법 ····················································································· 14

제3장� � 연구대상자들의�일반적�특성 ································································· 17

제1절� 연구� 대상자들의�일반적�특성 ··································································· 19

제2절�심혈관계�질환� 발생률�및� 심혈관�사망률 ·············································· 20

제3절� 전체� 사망률 ······························································································· 22

제4장� � 심혈관계�질환�및�사망의�위험성 ························································ 23

제1절� 범주형�분석에� 따른� 심혈관계�질환�및� 사망� 위험도 ····························· 25

제2절�범주형� 분석에� 따른� 심혈관계�질환,� 심혈관� 및� 전체� 사망� 위험도 ····· 27

제3절� 연속형�분석 ································································································ 31

목차



v

제5장� � 하위분석 ·································································································· 33

제1절� 하위분석에�따른� 심혈관계�질환� 및�사망�위험도 ··································· 35

제2절�하위분석에�따른�심혈관계�질환,� 심혈관�및� 전체� 사망� 위험도 ··········· 37

제6장� � 고찰� 및� 결론 ·························································································· 41

제1절� 요산과�심혈관� 질환� 위험에� 관한� 고찰 ··················································· 43

제2절�요산과� 전체� 사망� 위험에� 관한� 고찰 ······················································ 45

제3절� 본� 연구의� 강점과�제한점 ········································································· 45

제4절�결론�및� 제언 ····························································································· 46

참고문헌� ············································································································· 49

목차



vi

<표� 2-1>� 동반상병에�사용된� ICD-10� 코드 ··································································· 12

<표� 3-1>� 연구� 대상자의�일반적� 특성 ·········································································· 20

<표� 3-2>� 심혈관계� 질환� 및�심혈관� 사망� 발생률 ························································ 21

<표� 3-3>� 심혈관계�질환�발생률 ···················································································· 21

<표� 3-4>� 심혈관�사망�발생률 ························································································ 21

<표� 3-5>� 전체� 사망� 발생률 ··························································································· 22

<표� 4-1>� 요산� 범주에�따른�심혈관계�질환� 및� 사망� 위험도 ····································· 26

<표� 4-2>� 요산�범주에� 따른� 심혈관계�질환�위험도 ··················································· 28

<표� 4-3>� 요산� 범주에�따른�심혈관� 사망� 위험도 ······················································· 29

<표� 4-4>� 요산�범주에� 따른� 전체� 사망� 위험도 ·························································· 30

표목차



vii

[그림� 2-1]� 연구� 대상자�선정의� 기준 ·············································································· 11

[그림� 4-1]� 요산� 범주에�따른�심혈관계�질환� 및� 사망� 위험도 ···································· 26

[그림� 4-2]� 요산�범주에� 따른� 심혈관계�질환�위험도 ·················································· 28

[그림� 4-3]� 요산� 범주에�따른�심혈관� 사망� 위험도 ······················································ 29

[그림� 4-4]� 요산�범주에� 따른� 전체� 사망� 위험도 ························································· 30

[그림� 4-5]� 요산수치에�따른�심혈관계�질환,� 심혈관�및� 전체사망의�위험 ················ 31

[그림� 5-1]� 심혈관계� 질환� 및�심혈관� 사망� 위험도의�하위분석 ·································· 36

[그림� 5-2]� 심혈관계� 질환� 발생� 위험도의�하위분석 ···················································· 38

[그림� 5-3]� 심혈관�사망�위험도의�하위분석 ································································· 39

[그림� 5-4]� 전체�사망�위험도의�하위분석 ···································································· 40

그림목차





요� �약





요약   3

만성신질환�환자에서�혈중�요산�수치의� 국가건강검진�항목으로서의�유용성� 평가

요�약

1.�연구�배경�및�목적

� � 고요산혈증은�전통적으로�통풍의�위험인자로만�여겨졌으나,�최근�일반인을�대상으로�

한�여러�연구들을�통해�고혈압이나�당뇨병�등�대사증후군을�야기하고�심혈관계�질환으로�

인한�사망을�증가시키는�중요한�인자임이�밝혀지고�있다.�이는�요산이�내피세포의�기능

이상이나�안지오텐신계�항진�및�염증반응�증가�등을�일으키는�기전으로�생각되는데,�

이러한�기전은�일반인에서뿐�아니라�만성염증성질환�(만성성인병)을�동반한�환자에서�

심혈관계�합병증을�포함한�불량한�예후�및�병의�진행에�특히�주요한�기전임을�고려하면�

다양한�만성질환을�동반한�환자들에서�고요산혈증에�대한�검진�및�치료�필요성에�대한�

연구가�더욱�요구된다.�한편,�국내에서는�혈중�요산�수치가�기존�2차�국가건강검진�항목

에�포함되어�있었으나�2009년부터�개편되어�시행중인�검진부터는�제외되어�있는�상태이

다.�이는�증상이�없는�성인에서�검진을�실시할�근거가�미흡해서였으나,�최근�심혈관계�

합병증의�중요한�위험인자로서�요산의�역할이�다시�주목�받는�상황에서�국내�환자를�

대상으로�한�요산과�심혈관�질환에�관한�연관성을�규명하는�것은�검진�항목으로서의�

유용성�평가에�앞서�가장�시급하고�유용한�연구이다.

� � 이에�본�연구에서는� 2006년부터� 2015년까지�국민건강보험공단�일산병원에서�요산�

수치�검사를�받은�전체�환자들을�대상으로�2017년까지�축적된�국민건강보험공단�자료를�

통해�추적�관찰하며�혈중�요산�수치와�심혈관계�질환,�심혈관�사망�및�전체�사망�위험에�

어떠한�연관관계가�있는지�규명하고자�한다.

2.�연구�방법�및�결과

� � 본�연구는�2006년�1월�1일부터�2015년�12월�31일까지�10년�기간�동안�국민건강보험공

단�일산병원에서�혈중�요산�농도�검사를�시행한� 20세�이상�전체�환자� 104,525명�중�

검사�전�이미�통풍을�동반하였거나�첫�검사�후� 6개월이내�심혈관계�질환�및�사망이�
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발생한�11,894명,�그리고�요산�수치의�이상�값을�가진�177명을�제외한�총�92,454명을�

대상으로�2017년�12월� 31일까지�평균�4.7년간�추적�관찰한�연구로�요산�수치에�따라�

심혈관계�질환,�심혈관�사망,�전체�사망�위험도에�미치는�영향을�나이,�성별,�동반상병�

및�요산�감소�약제를�보정한� Cox� 비레위험모형을�이용해�분석하였다.

� � 요산�농도와�심혈관계�질환�및�심혈관�사망�위험간에는�선형적�연관관계가�있었다.�

6개월간의�평균�요산수치에�따라� 5그룹� (<4,� 4~<5,� 5~<6,� 6~<7,� ≥7� mg/dL)으로�

나누어�분석하였을�때,�기준범주인�4~<5�mg/dL와�비교하여�요산�수치가�5~<6�mg/dL,�

6~<7�mg/dL,�≥7�mg/dL인�범주의�위험도는�10%,�20%,�그리고�36%�각각�증가하였다.�

나이,�성별,�당뇨병�및�심혈관계�질환�동반�여부나�혈청�알부민�및�사구체여과율에�따른�

다양한�하위분석에서나�심혈관계�질환과�심혈관�사망을�각각�따로�분석하였을�때에도�

동일한�경향을�보였다.

� � 반면에,�요산�농도와�전체�사망간에는�"U자형�연관관계"를�보여�7�mg/dL이상의�고요

산혈증에서�뿐�아니라�4�mg/dL미만의�낮은�요산�수치에서도�전체�사망의�위험이�40%와�

41%� 각각� 증가하였다.

3.�결론�및�제언

� � 공단�검진�자료에�포함되지�않은�요산�농도를�병원�자료에서�추출하고�병원�자료에서�

누락이�쉬운�질환과�사망을�공단�자료를�통해�수집함으로써�병원�및�공단�자료의�장/단점

을�개선하고자�두�자료를�연계해�시행한�본�연구를�통해�국내�환자에서도�고요산혈증이�

심혈관계�질환�및�사망의�위험인자임을�확인하였다.�관찰�연구의�한계로�요산�검사가�

검진�항목으로서�추가�되어야�하는지에�대한�명확한�결론을�내리기에는�한계가�있으나�

요산과�심혈관�질환�위험간의�연관성을�규명한�본�연구를�통해�요산과�질환�사이의�

단순한�연관이�아니라�이들�질환의�발생�및�악화에�직접적인�역할을�할�가능성에�대한�

추가적�임상�연구나�국가�건강검진�항목으로서의�유용성을�밝히기�위한�비용-효과�분석

의�필요성을�제시하는�근거를�마련하였다는�점에서�의미가�있다.�또한�병원과�공단�자료

의�연계�연구의�가능성을�제시하였다는�면에서�추후�시행되는�여러�연계�연구�방법에�

기초� 자료로�사용될�수� 있기를�기대한다.
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제1절 연구의�배경�및�필요성

� � 요산�(uric�acid)은�세포�대사�중�발생되거나�혹은�음식물로부터�섭취된�퓨린�(purine)

이�xanthine�oxidase나�xanthine�dehydrogenase에�의해�생성되어,�하루�250~750�mg�

정도로�대부분�신장을�통해�배설된다.1�따라서�요산�형성이�증가되거나�배설이�감소하는�

상황에서는�혈중�요산�농도가�증가하게�되는데�통상적으로�7.0�mg/dL이상을�고요산혈증

으로�정의한다�(여성에서는�조금�낮게�6~6.5mg/dL이상으로�정의하기도�한다).2,3�요산�

농도는�인종에�따라�차이가�있으며�식습관,�체지방�등에�의해서도�영향을�받기�때문에�

지역에�따라�차이가�나는데�미국에서는�최근�전체�인구의�평균�요산�농도가�점차�증가되

는�것으로�보고되고�있으며�주로� 식습관의�변화에�기인한�것으로�해석되고�있다.4

� � 과거에는�혈중�요산의�증가�(고요산혈증)는�결정을�이루어�여러�관절막에�침착�되면서�

염증반응을�일으키는�통풍의�원인으로만�간주되었으나,�통풍환자에서�다양한�형태의�

신장질환이나�심혈관�질환이�동반됨이�보고된�이후�관절�이외의�장기에서의�요산의�역할

에�대한�관심이�증가되었다.�특히�2000년대에�들어서면서�고요산혈증의�동물모델이�만들

어지고�이�동물의�표현형들에�대한�연구가�활발히�진행되면서�요산이�요산�결정과는�

무관하게�다양한�혈관질환들의�발생에�직접적인�원인이�될�수�있다는�가설들이�제시되었

으나�학계의�관심을�받지는�못하였다.�이는�동물모델�및�세포배양실험에서�제시된�요산

과�다양한�질환과의�뚜렷한�증거에도�불구하고�실제�인간에서�요산이�심장�및�혈관질환

의�발생� 혹은�악화에�원인적�역할을�한다는�증거가�미약할�뿐� 아니라�고요산혈증이�

있는�개인은�이미�고혈압,�당뇨병,�비만,�고지혈증�등�많은�위험인자를�동반하고�있기�

때문에�요산�자체만의�영향을�분리하여�생각하기�어렵기�때문이었다.�이와�같은�이유로�

국내에서도�증상이�없는�성인에서�요산�수치를�검진할�학문적�근거가�부족하다는�판단�

하에�기존�2차�국가건강검진�항목에�포함되어�있던�요산�검사를�2009년부터�개편되어�

시행중인�검진부터는�기준에서�제외하였다.

제1장
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� � 하지만�최근�요산이�신장병,�고혈압을�포함한�심혈관계�질환,�그리고�당뇨병과�같은�

대사증후군�등의�여러�질환에서�질환�발생이나�악화의�위험인자라는�새로운�역학�또는�

임상�연구가�속속�발표되면서�고요산혈증의�임상적�의의에�대한�재해석과�치료의�새로운�

가이드�라인이�필요하다는�의견들이�제시되고�있다.�더욱이�국가�검진�항목으로서의�

요산�수치에�대한�필요성을�재고할�때�우리나라�환자�혹은�일반인들을�대상으로�요산과�

다양한�질환과의�연관성�연구는�필수적이나�아직�연구는�미미한�실정이다.

제2절 연구�목적

� � 이에�본�연구에서는� 2006년부터� 2015년까지�국민건강보험공단�일산병원에서�혈중�

요산수치�검사를�시행한�전체�환자를�대상으로�국민건강보험공단�자료에�연계한�임상�

정보를�활용하여�요산�수치에�따른�심혈관�질환�발생�및�사망�위험에�미치는�영향을�

분석하고자�하였다.

제3절 기대되는�효과

� � 검진항목에�포함되지�않는�요산�수치의�병원�내�검사소견과�누락�없이�축적된�공단의�

임상� 정보를�연계하여�기존�연구의�한계를�극복하고자�진행된�본� 연구를�통해�요산�

수치와�심혈관�질환�위험과의�연관성이�규명된다면�요산�농도�조절에�대한�전향적�임상

연구나�치료적�가이드라인의�확립의�기초�자료로�활용될�수�있을�뿐�아니라�검진�항목으

로서의�비용-효과분석의�필요성을�제시할�수� 있을� 것으로�기대�된다.
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제1절 연구�대상

� � 본�연구를�위해�2006년�1월�1일부터�2015년�12월�31일까지�10년�기간�동안�국민건강

보험공단� 일산병원에서� 혈중� 요산� 농도� 검사를� 한번이라도� 시행한� 20세� 이상� 성인�

104,525명을�먼저�선별하였다.�무증상적�고요산혈증과�질환�발생�위험을�검증하기�위해�

첫�요산�검사일�(baseline�date)로부터�5년이내에�통풍�(ICD-10�code:�M10)을�진단받았

던�4,396명을�제외하였다.�또�급성�질환에서�일시적으로�증가할�수�있는�요산�농도�변화

의�영향을�최소화하고�만성적인�요산-질환�위험성을�연구하기�위해�첫�요산�검사일로부

터�6개월�이내에�본�연구의�결과�변수인�심혈관�질환�(ICD-10�code:� I20-25,� I60-69)이�

새로�발생하였거나�사망한�7,498명을�추가로�제거하였다.�마지막으로�요산�수치의�이상�

값� (<1.1�또는�>11.0�mg/dL;�<0.1�또는�>99.9�분위)을�가진�177명을�제외하여�총�

92,454명이� 최종� 분석에�포함되었다.

[그림� 2-1]� 연구�대상자� 선정의�기준

제2장
연구대상�및� 방법
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제2절 연구�자료

� 대상자의�기본�정보�(나이,�성별)나�검사실�소견(혈중�요산,�알부민,�총콜레스테롤�및�

크레아티닌�농도)은�일산병원�자료가�사용되었으며�대상자의�동반질환�및�약제�사용여

부,�심혈관�질환�발생�및�사망에�관한�정보는�국민건강보험공단�및�통계청�자료에�연계된�

데이터를�이용하였다.

1. 기본�정보:�나이,� 성별�

2. 혈액� 검사� :�검사�결과의�변동성을�줄이기�위해� 혈중� 요산,� 알부민,� 총콜레스테

롤,� 크레아티닌� 농도는�첫� 요산� 검사일� (baseline� date)로부터� 6개월동안� 시행된�

모든�검사의�평균치를�계산하여�이용하였다.�사구체여과율은�혈청�크레아티닌�농

도와� 나이,� 성별,� 인종을� 고려한� CKD-EPI� (CKD� epidemiology� Collaboration�

equation)� 공식을�통해�산출하였다.5�

3. 동반질환� :�고혈압,� 당뇨병,� 허혈성심질환,� 울혈성심부전,� 뇌졸증,� 이상지질혈증,�

및�암의�동반질환�여부는�국민건강보험공단의�진료�데이터의�상병�내역� (입원�및�

외래)을�이용하였으며,� ICD-10�코드를�통해�진단명� (주진단명� +�부진단명� 5개)을�

확인�하였다.�첫�요산�측정일�이전� 5년동안�입원에서�한�번�혹은�외래에서�두�번�

이상�진단�된� 경우� 해당� 질환을�동반�한� 것으로�간주하였다.�

Comorbid� condition ICD-10� code

Hypertension I10-13,� I15

Diabetes E10-14

Ischemic� heart� disease I20-25

Congestive� heart� failure I50

Cerebrovascular� disease I60-69

Dyslipidemia E78.0-78.5

Malignancy C00~97

<표� 2-1>� 동반상병에�사용된� ICD-10� 코드
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4. 요산� 감소�약제�사용:�국내에�유통� 중인� 대표적�요산�감소� 약물인� allopurinol,�

benzbromarone,� 및� febuxostat� 중� 어느�한�가지라도�첫�요산�검사일로부터� 5년�

이내에�단�한번이라도�처방된�경우�요산�감소�약제를�사용한�것으로�정의하였다.�

제3절 결과변수�및�관심변수

1. 결과변수� (Outcome� variable,� 종속변수)

� � 본�연구의�일차�결과변수�(일차사건)는�심혈관계�질환�또는�심혈관�사망�발생까지의�

시간이며�이중�어느�한�가지라도�발생한�경우�(복합사건,�composite�outcome)를�사건�

발생으로�간주하였다.�추가적으로�시행한�이차분석에서는�심혈관계�질환과�심혈관�사망

까지의�시간을�각각의�결과변수로�처리하였으며�전체�사망�(all-cause�death)도�추가적으

로�분석하였다.�각�대상자의의�추적관찰�시작일�(baseline�date)은�첫�요산�검진일�이었으

며,�사건�발생�혹은�연구�종료일� (2017년� 12월� 31일)�중�더�빠른�시점까지�추적관찰�

하였다.�심혈관계�질환�[cardiovascular�disease:� ischemic�heart�disease� (ICD-10�code:�

I20-25)�or�cerebrovascular�disease� (ICD-10�code:� I60-69)]�또는�심혈관�사망�(ICD-10�

code:� I00-99)은�미국심장학회�가이드라인에�따라�정의하였다.6�심혈관계�질환�발생은�

입원시의�해당� ICD-10� 코드를� 통해� 주진단명� +� 부진단명� 5개로�확인�하였다.

2. 관심변수� (Exposure� variable,� 노출변수)

� � 본�연구의�주요�관심변수는�혈중�요산�수치이다.�혈중�요산�농도의�검사�간�변동성을�

최소화하기�위해� baseline� date에서부터� 6개월간의�평균치를�사용하였다.

(1) 범주형� 자료분석

요산�수치와�사건�발생간에�선형적�연관성이�없을�가능성을�고려하여�요산�수치에�

따라� 5그룹� (<4,� 4~<5,� 5~<6,� 6~<7,� ≥7� mg/dL)으로�나누어�분석하였으며�두�

번째�그룹�(4~<5�mg/dL)을�기준범주로�간주하였다.�이는�전체�대상군의�평균�요산�

수치인� 4.8�mg/dL가�포함되었을�뿐�아니라�사건발생률이�가장�낮은�군으로�낮은�

혹은� 높은� 요산� 수치와�질환� 발생위험을�모두� 검증하기에�용이하였기�때문이다.

(2) 연속형� 자료분석

요산�수치와�사건�발생�위험간의�선형적�연관성을�규명하기�위해�요산�수치를�
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연속형�변수로�처리하여�나이,�성별,� 동반질환�및�요산�감소�약제를�보정한�큐빅�

스프라인�커브를�사용하여도�분석하였다.

제4절 통계학적�분석방법

1. 연구대상자의�일반적�특징

� � 범주형�자료는�퍼센트�(%)로,�연속형�자료는�평균�(표준편차)�및�중간값�(사분위�범위)

로�기술하였으며,� 요산� 수치에�따라� 5단계로� 나누어�분석하였다.�

2. 사건�발생률

사건�(심혈관계질환�혹은�사망)�발생률은�1,000�인-년�(person-year)당�발생건수로�계산

하였으며,� 전� 대상� 및� 각� 군별로� 나누어�분석하였다.

3. 생존분석

요산�수치에�따른�심혈관계�질환�및�사망�발생간의�연관관계를�분석하기�위해�Cox�비례

위험모형을�사용하였다.�교란변수의�통제를�위해�Cox�분석은�아래와�같은�3단계의�순차

적�보정�모형을�사용하였다.

(1) 모형� 1� :� 단변수모형� (unadjusted� model)

(2) 모형� 2� :�나이,�성별,�동반상병� (고혈압,�당뇨병,�허혈성심질환,�심부전,�뇌졸증,�

이상지질혈증,�암),� 요산�감소�약물�사용� (case-mix� adjusted� model)

(3) 모형� 3� :� 나이,� 성별,� 동반상병,� 요산�감소�약물�사용�

+� 검사실� 소견� (혈청�알부민�및�총콜레스테롤�농도,� 사구체여과율)�

� � 관심�사건인�심혈관계�질환�및�사망에�영향을�미치는�나이,�성별,�동반질환과�관심�

변수인�요산�수치에�영향을�미치는�요산�감소�약물�사용이�보정된�모형�(2)를�주요�모델�

(main� model)으로� 간주하였다.

� � 대상자�간의�특성이�상이함을�고려하여�요산�수치에�따른�심혈관계�질환�및�사망의�

위험이�다양한�대상자에서�동일하게�유지되는�지�검증하게�위해�각�모형에�포함된�주요�

보정�변수들에�따라�하위분석을�추가적으로�시행하였다.�하위분석은�나이�(<65세,�≥65

세),� 성별� (남자,� 여자),� 당뇨병� (유,� 무),� 심혈관� 질환� (유,� 무),� 사구체여과율� (<60�
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ml/min/1.73㎡,�≥60�ml/min/1.73㎡)에�따른�2그룹으로�나누어�각각�분석하였다.�모든�

하위� 분석은�나이,� 성별,� 동반질환과�요산� 감소� 약물� 사용� 여부를�보정하였다.�

� � 본�연구에�사용된�모든�생존분석�자료의�결과는�위험비�(hazard� ratio),�95%�신뢰구간�

(confidence� interval)� 및� P값을�사용하여�기술하였으며,� P값� <0.05를�통계학적으로�

유의한�것으로�간주�하였다.�생존�시간은�첫�요산�검사일�에서부터�중도절단�[사건�발생�

혹은� 연구종료일� (2017년� 12월31일)]까지의� 기간으로�설정하였다.

4. 통계분석�프로그램

� � 모든�통계�분석은� SAS� 9.4� version� (SAS� institute,� Cary,� NC,� USA)과� Stata� 15.1�

version� (Stata� Corporation,� College� Station,� TX,� USA)을� 이용하였다.
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제1절 연구�대상자들의�일반적�특성

� � 최종�분석�대상자인�92,454명의�평균�나이는�54.2세였으며,�44.6%가�남자였다.�17.8%

에서는�당뇨병을�동반하였으며,� 11.0%는�허혈성심질환을,� 9.5%는�뇌졸증을,� 9.5%는�

암을�동반하였다.� 2.1%에서는�요산�감소�약물을�복용하고�있었다.�평균�요산�수치는�

4.8�mg/dL� (표준편차,� 1.4�mg/dL)였으며�중앙값은�4.7�mg/dL� (사분위�범위�3.8-5.7�

mg/dL)였다.�요산�농도�7�mg/dL이상의�고요산혈증은�약�8.0%에서�동반하였다.�혈중�

알부민�및�총콜레스테롤�농도,�사구체여과율의�평균값은�각각�4.0�g/dL,�186.2�mg/dL,�

98.1�ml/min/1.73㎡였다.�나이,�성별,�동반상병�및�약제사용�자료에는�결측치가�없었으

나�혈청�알부민,�총콜레스테롤,�사구체여과율에서는�각각�10.4%,�15.4%,�7.3%가�결측�

되었다.�

� � 사구체여과율이�측정된�85,691명의�사구체여과율에�따른�만성신질환의�단계별�분포

는�72.5%가�G1� (≥90�ml/min/1.73㎡),�21.7%가�G2� (60~<90�ml/min/1.73㎡),�3.0%가�

G3a� (45~<60�ml/min/1.73㎡),�1.5%가�G3b� (30~<45�ml/min/1.73㎡),�그리고�1.3%가�

G4-5� (<30� ml/min/1.73㎡)에� 해당하였으며� 대부분의� 대상자가� 정상신기능� (≥60�

ml/min/1.73㎡)을�가지고� 있었다.

� � 6개월간의�평균�요산�수치에�따라�5그룹�(<4,� 4~<5,� 5~<6,� 6~<7,�≥7�mg/dL)으로�

나누어�분석하였을�때,�요산�수치가�높을수록�남자가�많고�심부전증을�더�많이�동반하

였으며,�요산�감소�약물의�사용이�빈번하였다.�또한�혈중�알부민이나�총콜레스테롤�

농도는�더� 높았다.� 반면에,� 나이나�사구체�여과율은�요산�수치가�높을수록�더�낮은�

경향을�보였다.
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혈중�요산�농도� (mg/dL)

특성 전체 <4 4~<5 5~<6 6~<7 ≥7

대상자수(명) 92,454 26,463 26,631 20,216 11,790 7,354

나이(세),� 평균(표준편차) 52(16) 55(16) 54(15) 54(16) 53(16) 53(17)

남자(%) 44.6 18.7 31.9 60.1 80.2 84.5

동반상병(%)

고혈압 7.8 8.2 7.8 7.9 7.2 7.4

� � 당뇨병 17.8 18.7 17.4 18.1 17.0 16.9

� � 허혈성심질환 11.0 10.9 10.8 11.2 11.0 11.5

� � 울혈성심부전 2.5 2.3 2.3 2.6 2.6 3.8

� � 뇌졸증 9.5 10.2 9.2 9.3 8.9 9.5

� � 이상지질혈증 16.9 17.4 16.8 16.8 16.7 15.1

� � 암 9.5 9.7 9.4 9.5 9.5 9.6

요산감소약물(%) 2.1 1.0 1.1 1.8 3.1 9.1

검사실소견,� 평균(표준편차)

� � 요산(mg/dL) 4.8(1.4) 3.3(0.5) 4.4(0.3) 5.4(0.3) 6.4(0.3) 7.8(0.8)

� � 알부민(g/dL) 4.0(0.4) 3.9(0.5) 4.0(0.4) 4.1(0.4) 4.1(0.4) 4.1(0.5)

� � 총콜레스테롤(mg/dL) 186(41) 182(40) 186(40) 188(41) 190(41) 191(43)

� � 사구체여과율 98(22) 102(19) 100(20) 96(22) 93(24) 86(29)

� � (ml/min/1.73㎡)

<표� 3-1>� 연구�대상자의�일반적� 특성

제2절 심혈관계�질환�발생률�및�심혈관�사망률

� � 전체�대상자� 92,454명을�평균� 4.7년� (표준편차,� 2.1년)� 추적�관찰한�결과� 7,670명�

(8.3%)에서�심혈관계�질환�(7,186명,�7.8%)이나�심혈관�사망�(1,045명,�1.1%)이�발생하

였다.�일차�사건인�심혈관계�질환�및�사망�발생률은�총�432,596�인-년의�위험�관찰�기간�

동안�1,000�인-년당�18.0건�이었으며�이는�기준�범주인�4~5�mg/dL미만의�요산�수치에서�

가장�낮았고�요산�수치가�높아질수록�점차�증가하는�경향을�보였다.�심혈관계�질환과�

심혈관�사망을�각각�따로�분석하였을�때에도�동일한�경향을�보였다.
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요산농도 대상자 사건발생 발생률� (1,000� 인-년당)

(mg/dL) 명수 (%) 건수 (%) 발생률 95%�신뢰구간

<4 26,463 28.6 2,002 7.6 16.6 15.9 17.3

4~<5 26,631 28.8 1,969 7.4 16.0 15.4 16.8

5~<6 20,216 21.9 1,750 8.7 18.8 17.9 19.7

6~<7 11,790 12.8 1,094 9.3 19.8 18.7 21.0

≥7 7,354 8.0 855 11.6 24.5 22.9 26.2

<표� 3-2>� 심혈관계� 질환�및�심혈관� 사망�발생률

요산농도 대상자 사건발생 발생률� (1,000� 인-년당)

(mg/dL) 명수 (%) 건수 (%) 발생률 95%�신뢰구간

<4 26,463 28.6 1,862 7.0 15.4 14.7 16.1

4~<5 26,631 28.8 1,864 7.0 15.2 14.5 15.9

5~<6 20,216 21.9 1,643 8.1 17.6 16.8 18.5

6~<7 11,790 12.8 1,027 8.7 18.5 17.4 19.7

≥7 7,354 8.0 790 10.7 22.5 21.0 24.2

<표� 3-3>� 심혈관계� 질환�발생률

요산농도 대상자 사건발생 발생률� (1,000� 인-년당)

(mg/dL) 명수 (%) 건수 (%) 발생률 95%�신뢰구간

<4 26,463 28.6 277 1.1 2.2 2.0 2.5

4~<5 26,631 28.8 229 0.9 1.8 1.6 2.0

5~<6 20,216 21.9 233 1.2 2.4 2.1 2.7

6~<7 11,790 12.8 154 1.3 2.7 2.3 3.1

≥7 7,354 8.0 152 2.1 4.1 3.5 4.8

<표� 3-4>� 심혈관� 사망�발생률



22  만성신질환 환자에서 혈중 요산 수치의 국가건강검진 항목으로서의 유용성 평가

제3절 전체�사망률

� � 전체�대상자� 92,454명중�어떤�원인으로든�사망� (전체�사망)은� 7,339명� (7.9%)에서�

발생하였다.�전체�사망�발생률은�총�432,596�인-년의�위험�관찰�기간�동안�1,000�인-년당�

17.0건�이었으며�기준�범주인�4~5�mg/dL미만의�요산�수치에서�가장�낮았고�요산�수치가�

높아질수록�점차�증가하는�경향은�심혈관계�질환�및�심혈관�사망에서와�동일하였으나,�

요산수치가�4�mg/dL미만으로�낮은�경우에도�기준범주에�비해�사망률이�유의하게�증가

하였다.

요산농도 대상자 사건발생 발생률� (1,000� 인-년당)

(mg/dL) 명수 (%) 건수 (%) 발생률 95%�신뢰구간

<4 26,463 28.6 2,304 8.7 19.0 18.3 19.8

4~<5 26,631 28.8 1,752 6.6 14.1 13.4 14.8

5~<6 20,216 21.9 1,502 7.4 15.8 15.1 16.7

6~<7 11,790 12.8 941 8.0 16.7 15.6 17.8

≥7 7,354 8.0 840 11.4 23.5 21.9 25.1

<표� 3-5>� 전체�사망�발생률
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제1절 범주형�분석에�따른�심혈관계�질환�및�사망�위험도

� � 요산�농도와�일차복합사건�(composite�event)인�심혈관계�질환�발생�및�심혈관�사망�

위험간의�연관관계를�규명하기�위해�먼저�범주형�자료�분석을�시행하였다.�요산�수치�

4~<5� mg/dL를�기준범주로�하였을�때�요산수치가� 5~<6� mg/dL,� 6~<7� mg/dL,� ≥7�

mg/dL인�범주의�위험도는�아무�변수도�보정되지�않은�모형�(1)에서는�17%,�23%,�52%�

각각� 증가하였고�나이,� 성별,� 동반질환�및�요산�감소� 약제를�보정한�모형� (2)에서는�

10%,�20%,�그리고�36%�각각�증가하였다.�혈청�알부민�및�총콜레스테롤�농도,�사구체여과

율이�측정된�75,723명을�대상으로�이들을�추가로�보정한�모형�(3)에서도�위험도의�크기

는�다소�완화되었으나�기준범주에�비해�요산이�증가함에�따라�심혈관�합병증의�위험이�

증가하는�패턴은�동일하게�유지되었다.�특히,�7�mg/dL이상의�고요산혈증을�가진�대상군

에서는�그� 위험이� 15%로� 더�높았으며�이는� 여전히�통계학적으로�유의하였다.

제4장
심혈관계�질환� 및� 사망의� 위험성
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요산�농도 심혈관계�질환� 및�심혈관�사망

(mg/dL) 위험비 95%�신뢰구간 P�값

Model� 1�

<4 1.03 0.97 1.10 0.292

4~<5 1.00

5~<6 1.17 1.10 1.25 <0.001

6~<7 1.23 1.14 1.33 <0.001

≥7 1.52 1.40 1.65 <0.001

Model� 2

<4 1.01 0.94 1.07 0.862

4~<5 1.00

5~<6 1.10 1.04 1.18 0.003

6~<7 1.20 1.11 1.30 <0.001

≥7 1.36 1.25 1.47 <0.001

Model� 3

<4 0.99 0.92 1.06 0.697

4~<5 1.00

5~<6 1.04 0.97 1.12 0.303

6~<7 1.08 0.99 1.18 0.103

≥7 1.15 1.03 1.28 0.011

<표� 4-1>� 요산�범주에�따른� 심혈관계�질환�및� 사망�위험도

[그림� 4-1]� 요산�범주에� 따른�심혈관계�질환� 및�사망�위험도
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제2절 범주형� 분석에� 따른� 심혈관계� 질환,� 심혈관� 및� 전체� 사

망�위험도

� � 일차복합사건�분석에�포함된�심혈관계�질환과�심혈관�사망을�각각�따로�분석�및�전체�

사망을�포함한�이차�사건�분석에서도�요산�증가에�따른�높은�심혈관계�합병증�및�사망�

위험간의�선형적�연관관계는�동일하게�유지되었다.

� � 나이,� 성별,� 동반질환�및�요산�감소�약제를�보정한�모형� (2)에서�요산�수치� 4~<5�

mg/dL�기준범주에�비해�요산수치가�5~<6�mg/dL,� 6~<7�mg/dL,�≥7�mg/dL�범주의�

심혈관계�질환의�위험도는�9%,�19%,�32%�더�높았고�심혈관�사망도�23%,�39%,�그리고�

79%�각각�증가하였다.�전체�사망의�경우에는�요산�수치�7�mg/dL�이상에서�기준범주에�

비해� 30%� 위험도가�여전히�더� 높았으나� 4� mg/dL� 미만에서도� 32%� 증가하였다.
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요산�농도 심혈관계�질환�

(mg/dL) 위험비 95%� 신뢰구간 P�값

Model� 1�

<4 1.01 0.95 1.08 0.662

4~<5 1.00

5~<6 1.16 1.09 1.24 <0.001

6~<7 1.22 1.13 1.32 <0.001

≥7 1.48 1.36 1.61 <0.001

Model� 2

<4 0.99 0.93 1.06 0.782

4~<5 1.00

5~<6 1.09 1.02 1.17 0.008

6~<7 1.19 1.10 1.28 <0.001

≥7 1.32 1.21 1.44 <0.001

Model� 3

<4 0.98 0.91 1.06 0.608

4~<5 1.00

5~<6 1.03 0.96 1.11 0.430

6~<7 1.05 0.96 1.15 0.285

≥7 1.10 0.99 1.23 0.083

<표� 4-2>� 요산� 범주에�따른�심혈관계� 질환�위험도

[그림� 4-2]� 요산�범주에�따른� 심혈관계�질환�위험도
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요산�농도 심혈관�사망

(mg/dL) 위험비 95%�신뢰구간 P� 값

Model� 1�

<4 1.24 1.04 1.48 0.016

4~<5 1.00

5~<6 1.32 1.10 1.59 0.003

6~<7 1.45 1.19 1.78 <0.001

≥7 2.18 1.77 2.67 <0.001

Model� 2

<4 1.12 0.94 1.33 0.218

4~<5 1.00

5~<6 1.23 1.03 1.48 0.025

6~<7 1.39 1.13 1.72 0.002

≥7 1.79 1.45 2.20 <0.001

Model� 3

<4 1.00 0.81 1.23 0.975

4~<5 1.00

5~<6 1.06 0.86 1.31 0.566

6~<7 1.20 0.95 1.53 0.133

≥7 1.43 1.10 1.87 0.008

<표� 4-3>� 요산� 범주에�따른�심혈관� 사망�위험도

[그림� 4-3]� 요산�범주에� 따른�심혈관�사망� 위험도
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요산�농도 전체� 사망

(mg/dL) 위험비 95%�신뢰구간 P�값

Model� 1�

<4 1.35 1.27 1.44 <0.001

4~<5 1.00

5~<6 1.12 1.04 1.19 0.002

6~<7 1.17 1.08 1.27 <0.001

≥7 1.60 1.48 1.74 <0.001

Model� 2

<4 1.32 1.24 1.40 <0.001

4~<5 1.00

5~<6 0.98 0.92 1.06 0.665

6~<7 1.03 0.95 1.11 0.506

≥7 1.30 1.19 1.41 <0.001

Model� 3

<4 1.17 1.09 1.26 <0.001

4~<5 1.00

5~<6 0.95 0.88 1.03 0.202

6~<7 0.94 0.86 1.03 0.206

≥7 1.00 0.90 1.12 0.951

<표� 4-4>� 요산� 범주에�따른�전체� 사망�위험도

[그림� 4-4]� 요산�범주에�따른� 전체�사망�위험도
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제3절 연속형�분석

� � 요산수치와�심혈관계�질환�및�사망과의�연관성을�재�확인하기�위해�요산�수치를�범주

형이�아닌�연속형�변수로�처리하여�주�분석�모델인�모형� (2)의�변수들을�모두�보정한�

큐빅�스프라인�분석을�추가적으로�시행하였다.�중앙값인�4.7�mg/dL를�기준으로�요산�

수치가�증가할수록�일차�및�이차�관심�사건�모두�위험도가�증가�하였으나,�전체�사망의�

경우에는�요산�수치가�낮은�경우에도�사망의�위험이�증가하여�요산과�전체�사망간에는�

통계학적으로�유의한� “U자형�상관관계”가�있음을� 확인하였다.

[그림� 4-5]� 요산수치에�따른�심혈관계�질환,� 심혈관� 및�전체사망의�위험
(A)� 일차복합사건� (심혈관계�질환�및� 심혈관�사망);� (B)� 심혈관계�질환;� (C)� 심혈관�사망;� (D)� 전체� 사망
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� � 요산�수치와�심혈관계�질환�발생�및�사망�위험에�미치는�영향이�다양한�하위그룹에서

도�동일하게�관찰되는지�확인하기�위해�나이�(<65세,�≥65세),�성별�(남자,�여자),�당뇨병�

및�심혈관계질환� (유,�무),�혈청�알부민�농도� (<4� g/dL,� ≥4� g/dL),�및�사구체여과율�

(<60�ml/min/1.73m2,�≥60�ml/min/1.73m2)에�따라�하위분석을�시행하였다.�하위분석

은�나이,�성별,�동반질환,�및�요산�감소�약제를�보정한�주�분석�모델인�모형�(2)를�이용하

여�분석하였다.

제1절 하위분석에�따른�심혈관계�질환�및�사망�위험도

� � 일차�관심�사건인�심혈관계�질환�및�심혈관�사망의�복합사건을�다양한�하위�그룹에서�

분석한�결과�요산�수치�증가에�따른�높은�심혈관계�질환�발생�및�사망의�위험간의�선형적�

연관관계는�나이,�성별,�당뇨병이나�심혈관계질환�동반여부,�알부민�농도에�관계�없이�

동일하게�유지되었다.�이러한�선형적�연관관계는�정상�신기능�(≥60�ml/min/1.73m2)을�

가진� 경우� 더욱� 뚜렷하였으나� 신기능이� 감소한� 경우� (<60� ml/min/1.73m2)에도� 6�

mg/dL이상의�높은�요산�수치는�통계학적으로�유의한�심혈관계�질환�및�사망의�높은�

위험과�연관되었다.�반면,�4�mg/dL의�낮은�요산�농도의�위험도는�모든�하위�그룹에서�

기준범주와�비교하여�유의한�차이를�보이지�않았다.

제5장
하위분석
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[그림� 5-1]� 심혈관계� 질환�및�심혈관� 사망�위험도의�하위분석

� �
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제2절 하위분석에� 따른� 심혈관계� 질환,� 심혈관� 및� 전체� 사망�

위험도

� � 일차�분석에�포함된�심혈관계�질환�및�심혈관�사망을�각각�따로�하위�분석하였을�

때에도�요산�수치�증가에�따른�각�사건의�발생�위험도와의�연관성은�다양한�하위�분석에

서도�동일하게�유지되었다.�하지만,�남성의�경우�4�mg/dL미만의�요산�농도도�4-5�mg/dL

미만인�기준�범주에�비해�심혈관�사망의�위험이� 38%�증가하였다� (위험도� 1.38,� 95%�

신뢰구간�1.03-1.84,�P값=0.029).�이와�같은�4�mg/dL미만의�낮은�요산�농도에서의�합병

증�위험은�전체�사망에서�더욱�현저하였는데,�사구체여과율�60�ml/min/1.73m2미만의�

하위�그룹을�제외한�모든�하위그룹에서�동일하게�관찰�되었다.�또한�낮은�신기능�(사구체

여과율�60�ml/min/1.73m2미만)을�가진�대상군에서는�요산�수치와�전체�사망간의�연관

성이�상쇄됨을�관찰�하였다.
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�

[그림� 5-2]� 심혈관계�질환�발생� 위험도의�하위분석

� �
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�

[그림� 5-3]� 심혈관� 사망�위험도의�하위분석

� �
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�

[그림� 5-4]� 전체�사망� 위험도의�하위분석

� �
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� � 국민건강보험�일산병원�및�공단자료를�연계하여�2006년부터�2015년까지�요산�검사를�

시행한�약�9만명의�20세�이상의�성인�환자를�대상으로�평균�5년간�추적관찰하며�분석한�

본�연구를�통해�증가된�요산�농도는�심혈관계�질환�및�심혈관�사망,�그리고�전체�사망의�

높은�위험성과�유의한�연관�관계가�있음을�확인하였다.�이와�같은�연관�관계는�나이,�

성별,�동반질환�및�요산�감소�약물의�사용과는�무관하였으며�여러�하위�분석에서도�동일

하게�증명되었다.�이와�같은�결과는�국가�검진�항목으로서의�요산�추가의�유용성을�평가

하기�위한�비용-효과�분석�및�원인-효과�분석에�대한�추가적�연구가�도움이�될�수�있음을�

시사한다.�또한�병원-공단간�자료�연계�연구의�유용성과�가능성을�제시하여�앞으로의�

여러� 유사� 연구의�기초� 자료로�사용될�수�있을�것으로�기대된다.

제1절 요산과�심혈관�질환�위험에�관한�고찰

� � 요산과�고혈압�사이의�연관은�이미�1800년대부터�알려져�왔으며�다른�심혈관계�질환�

사이의�상관도�오래�전부터�보고된�바�있다.�하지만�1999년�발표된�Framingham�연구에

서�요산은�다른�위험인자를�보정한�경우�심혈관계�질환의�독립적인�위험인자가�아니었음

이�보고되면서�요산과�심혈관�질환�사이의�원인-결과�관계에�대한�의문이�제시되었다.7�

따라서�몇몇�대규모�코호트�연구에서�요산의�심혈관계�질환의�위험인자로서의�의의가�

분명하였음에도�불구하고�고요산혈증의�임상적�의의에�관한� 인식의�변화는�없었다.

� � 하지만,�2000년대�말부터�요산이�고혈압이나�다양한�혈관질환의�발생의�직접적�원인

이�될�수�있음을�시사하는�여러�연구�결과가�보고되면서�다시�심혈관�질환의�위험인자로

서의�요산의�역할이�재조명되고�있다.�특히,�2008년�발표된,�처음�진단된�청소년�고혈압�

환자를�대상으로�한�무작위�임상�연구에서�고혈압�환자에서�진단� 당시�요산�농도가�

유의하게�높았으며�이들에게�요산�강하�치료를�한�경우�혈압이�감소되었다는�보고는�

요산이�고혈압�발생의�원인이�될�수�있음을�시사하였다.8�이후�요산이�만성신질환,�고혈

압,�당뇨병�및�대사증후군�등�여러�심혈관계�질환의�독립적�위험인지에�대한�많은�연구들

제6장
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이�활발히�진행되었다.9,10�연구들마다�보정�변수들의�차이가�있고�노출인자나�결과변수

의�정의�등이�통일되지�않아서�명확한�결론을�내기에는�한계가�있으나�메타분석을�포함

한�많은�연구들에서�요산�수치는�고혈압,�당뇨병,�만성신질환의�독립적�예후인자라고�

보고하였다.11-18

� � 한편�요산�수치와�심혈관계�질환과의�연관성에�대해서는�연구마다�다른�결과를�보고하

였다.19-21�이러한�결과는�고요산혈증이�있는�개인은�이미�고혈압,�당뇨병,�비만,�고지혈증�

등�많은�위험인자를�동반되어�있기�때문에�요산�자체만의�영향을�분리하여�생각하기�

어렵기�때문으로�생각된다.22�하지만�일본에서�발표된�한�연구에서는�비만,�고혈압,�당뇨

병이�없는�사람만을�대상으로�분석하였을�때에도�무증상적�고요산혈증은�심혈관계�질환�

발생과�연관되었다.23.�연구마다�다른�결과의�또�다른�이유�중�하나는�포함된�대상자의�

다른�사구체여과율이다.�실제로�1988-2002년�미국�국민영양조사에�포함된�약�1만명을�

대상으로�한�연구에서�높은�요산�수치�(75분위�이상)는�심혈관계�사망�및�전체�사망의�

독립적�예후인자였으나,�사구체여과율로�보정하였을�때에는�통계학적�의미가�없었다.24�

반대로�또�다른�연구에�의하면�요산은�정상�신기능을�가진�대상이나�혹은�3기,� 4기의�

만성신질환�환자에서도�심혈관�사망의�주요한�위험인자였다.25�투석�치료를�받는�말기신

부전증�환자에서도�요산�농도가�9�mg/dL�이상인�경우�평균�6년�동안의�사망률은�2배로�

높았으며�이는�지질�농도,�염증지표,�칼슘�농도�등�다른�심혈관�질환의�위험인자를�보정한�

경우에도�의미�있게�나타났다.�신장병�환자에서�요산�저하�치료는�심혈관계�질환의�합병

증을�의의� 있게� 감소시켰다.26

� � 요산의�혈관질환�발생의�가장�중요한�기전으로�혈관�내피세포�기능�부전이�제시된

다.27-28�이는�혈관�내피세포�및�평활근�세포에서의�연구,�고요산혈증의�동물�모델과�분리

한�대동맥� ring을�이용한�연구에서�공통적으로�나타나는�소견으로�요산에�의한�산화�

질소� (NO)�생성의�감소는�혈관�저항성을�증가시키고�혈관�확장을�억제할�뿐�아니라�

국소염증�반응의�유도,�국소�레닌-안지오텐신계의�활성화를�유발하고�직접적으로�내피세

포의�생존을�억제하는�것으로�보고된�바� 있다.29-38�

� � 본�연구에�포함된�통풍을�동반하지�않은�20세�이상�성인�환자에서�요산�농도�7�mg/dL

이상의�고요산혈증은�약�8.0%에서�동반하여�우리나라�환자들에서도�고요산혈증이�비교

적�많은�수에서�동반됨을�확인하였는데,�이는�고령화�및�비만�인구의�증가,�그리고�식습관

의�변화에�기인한�것으로�생각된다.�또한,�요산�농도와�심혈관계�질환�발생�및�심혈관�

사망의�위험과는�선형적�연관�관계가�있었는데�나이,�성별,�동반질환�및�요산�감소�약제�
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사용여부를�보정한�경우에도�의미�있게�나타났다.�또한�사구체여과율�뿐�아니라�영양�

상태를�의미하는�혈청�알부민이나�심혈관�질환의�전통적�위험인자로�여겨지는�콜레스테

롤�농도를�보정하여도�통계학적�유의성이�유지되었다.�이러한�요산-심혈관계�합병증의�

연관�관계는�나이,�성별,�당뇨병�및�심혈관�질환의�유무,�혹은�혈청�알부민이나�사구체여

과율에�따른� 다양한�하위�분석에서도�동일하게�관찰되었다.�

� � 결론적으로�여러�실험실적인�증거와�요산과�심혈관계�질환의�연관관계를�보고한�최근

의�대규모�코호트�연구를�바탕으로�요산이�다양한�혈관질환들의�발생에�직접적인�원인이�

될�수� 있다는�대규모�간섭� 연구가�절실히�요구된다.

제2절 요산과�전체�사망�위험에�관한�고찰

� � 요산이�전체사망의�위험에�미치는�영향은�연구마다�다양하다.39-49�고요산혈증과�연관

된�높은�전체�사망�위험은�대개의�연구에서�동일하게�관찰되나,�낮은�요산�수치는�사망�

위험과�관련이�없거나�혹은�고요산혈증과�동일하게�높은�전체�사망과�연관됨이�보고되었

다.�이러한�낮은�요산과�높은�전체�사망�사이의�역설적�관계는�노인이나�심부전증�등의�

만성�질환을�동반한�환자군,�특히�신장기능이�매우�감소한�혈액�혹은�복막투석중인�환자

에서�두드러지는데,�대개�낮은�요산이�이들�환자들의�불량한�영양상태를�반영하는�것으

로�해석된다.40-48�하지만,�동반질환이�비교적�적고�나이가�젊은�일반인을�대상으로�한�

건강검진�코호트에서도�요산과�전체사망간의�유의한� U자형�상관관계가�있다는�연구�

결과나�본�연구에서�영양�상태를�반영한�알부민�수치에�따른�하위�분석에서도�양�군간에

서�동일하게�낮은�혹은�높은�요산�수치는�높은�전체�사망과�연관되어�단순히�영양상태만

으로�요산과�전체사망간의�유의한�U자형�상관관계를�설명하는�것에는�한계가�있다.49�

추후�요산이�전체�사망에�미치는�기전에�대한�추가�연구가�필요할�것으로�사료된다.

제3절 본�연구의�강점과�제한점

� � 본�연구는�병원�자료와�공단�자료를�연계함으로써�검진에는�포함되지�않은�요산�수치

를�병원�자료를�통해�추출하고�단일�기관�연구임에도�중도�탈락�없이�심혈관�질환�발생이

나�사망을�중도탈락�없이�추적�관찰할�수�있었다는�점은�본�연구의�강점이다.�특히�요산�

수치�및�질환�발생에�모두�연관이�되는�동반질환을�청구자료를�통해�확인할�수�있었을�
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뿐�아니라�신장기능이나�혈청�알부민�수치를�함께�보정하였던�점은�본�연구의�또�다른�

강점이다.�

� � 하지만,�본�연구를�해석함에�있어�주의할�점은�여전히�존재한다.�첫째,�병원�자료임에

도�흡연력이나�비만�(체질량지수),�혈압�등의�심혈관계질환의�전통적�위험인자들의�자료

가�불충분하여�이들을�보정하지�못하였다.�추후�병원�자료를�이용함에�있어�검사�소견�

외�문진자료나�신체검사�측정치들을�어떻게�누락�없이�수집할�수�있을�지에�대한�고민이�

필요하겠다.�둘째,�요산�수치에�영향을�미치는�여러�약물들이�충분히�조사되지�못하여�

이들�약물이�요산과�심혈관�질환에�미치는�영향을�분석하지�못한�점은�본�연구의�제한점

이다.�특히�안지오텐신수용체�억제제의�한�종류인�losartan은�혈중�요산을�감소시키고,�

반대로�이뇨제의�일종인�thiazide는�요산�수치를�감소함이�잘�알려져�있어�추후�이들에�

대한�영향에�대한�추가�분석이�요구된다.51,52� 셋째,�본�연구의�요산�수치는�본원에서�

처음�요산수치를�측정한�날로부터�6개월간의�평균만을�사용하여�분석한�것이어서�추후�

요산이�감소하였거나�혹은�증가한�것에�대한�효과는�분석하지�못하였다.�마찬가지로,�

관찰연구의�한계점으로�요산농도와�심혈관�질환의�발생간에�원인-결과를�명확히�규명하

지�못하였다.�넷째,�본�연구에서�당뇨병은�1형�및�2형�당뇨병이�모두�포함되어�있는데�

국내�1형�당뇨병의�유병률이�낮은�점을�고려하여�함께�분석하였으나�두�질병의�심혈관계�

위험도가�다른�점은�해석에�주의를�요한다.�또한�새로�발병한�당뇨병의�유무를�고려하지�

않은�점도�본�연구의�제한점이다.�다섯째,�요산�수치를�측정한�환자들만의�병원�자료를�

이용해�분석한�본�연구�결과가�전체�일반인들에서도�동일하게�적용될�수�있는지는�추가

적�연구가�필요하겠다�일례로,�본�연구�대상자에서�전체�연령대비�당뇨병�환자의�비율이�

높고�고혈압�인구�비율은�상대적으로�낮아�전체�인구를�대변하는데�한계가�있다.�마지막

으로,�만성신질환�환자의�수가�전체�대상자의�5.8%로�적어�본�연구의�기획�목적인�만성신

질환�환자에서의�요산�농도�관련�심혈관계�질환�및�사망�위험도�확인�및�검진항목으로서

의�평가에�어려움이�있어�비교적�희귀�질환을�대상으로�한�연구에는�단일�기관�자료를�

이용하는데�한계가�있을� 수� 있음을� 시사한다.

제4절 결론�및�제언

� � 본�연구는� 2006년부터� 2015년까지� 10년간�본원에서�혈중�요산�수치검사를�시행한�

9만여명의�환자�정보를�건강보험공단�자료에�연계해� 2017년까지�추적관찰하며�주요�
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심혈관계�질환�및�사망을�분석하였다.�평균�5년간의�추적관찰�동안�약�8000명의�심혈관�

질환�및�사망자가�포함되었는데�기저�요산�수치가�높을수록�심혈관�질환�위험이�높음을�

확인하였다.�관찰�연구의�한계로�요산�검사가�검진�항목으로서�추가�되어야�하는지에�

대한�결론을�내리기에는�무리가�있으나�요산�수치와�심혈관�질환�발생�위험간의�연관성

을�규명한�본�연구는�향후�관련된�전향적�임상연구나�검진항목으로서의�비용-효과�분석�

등의�필요성을�제시하는�기초자료로서�의미가�있다.�무엇보다도,�병원-공단간의�자료�

연계가�각각의�한계를�서로�보완할�수� 있음을�확인하여�앞으로의�다양한�의학�혹은�

정책연구에�유용한�연구� 방법이�될� 수� 있을� 것으로�기대된다.
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