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a b s t r a c t

Background: Accurate forecast of the death risk is crucial to the administration of people living with

HIV/AIDS (PLHIV). We aimed to establish and validate an effective prognosis nomogram in PLHIV receiv-

ing antiretroviral therapy (ART).

Methods: All the data were obtained from 2006 to 2018 in the Wenzhou area from China AIDS preven-

tion and control information system. Factors included in the nomogram were determined by univariate

and multiple Cox proportional hazard analysis based on the training set. The receiver operating charac-

teristic (ROC) and calibration curves were used to assess its predictive accuracy and discriminative ability.

Its clinical utility was also evaluated using decision curve analysis (DCA), X-tile analysis and Kaplan-Meier

curve, respectively in an independent validation set.

Findings: Independent prognostic factors including haemoglobin, viral load and CD4+ T-cell count were

determined and contained in the nomogram. Good agreement between the prediction by nomogram and

actual observation could be detected in the calibration curve for mortality, especially in the first year. In

the training cohort, AUC (95% CI) and C-index (95% CI) were 0.93 (0.90, 0.96) and 0.90 (0.85, 0.96), re-

spectively. In the validation set, the nomogram still revealed excellent discriminations [AUC (95% CI): 0.95

(0.91, 1.00)] and good calibration [C-index (95% CI): 0.92 (0.82–1.00)]. Moreover, DCA also demonstrated

that the nomogram was clinical beneficial. Additionally, participants could be classified into three distinct

(low, middle and high) risk groups by the nomogram.

Interpretation: The nomogram presents accurate and favourable prognostic prediction for PLHIV who un-

derwent ART.
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esearch in context

vidence before this study

Although a proportion of people living with HIV (PLHIV) with

ccess to antiretroviral therapy (ART) have a life expectancy simi-

ar to the general population, the increased mortality of many PL-

IV still can’t be ignored and there has been increasing focus on

he management of PLHIV. Unfortunately, there is no universal and

idely recognized applicable scoring system to predict the mortal-

ty of PLHIV who underwent ART. Therefore, we aimed to develop

nd validate a risk scoring system among patients who underwent

RT. This approach would allow us to better identify patients with

high risk of mortality, which would facilitate a more personalized

pproach to managing these cases.

dded value of this study

We established an effective and accurate nomogram model in-

luding haemoglobin (HB), viral load (VL) and CD4+ T-cell count

or the evaluation mortality of PLHIV receiving ART in the present

tudy and the superiority of our nomogram also reflects on the

linical utility. This would be very favourable to promote the pre-

ise prevention and personalized health management of PLHIV to

aximize cost-effectiveness.

mplications of all the available evidence

The nomogram in the present study was completely an optimal

rognostic model for evaluating the mortality of PLHIV, contain-

ng VL, CD4 and HB, and with satisfying stability and accuracy, for

he prediction of PLHIV mortality was successfully developed and

arefully evaluated.

. Introduction

In the past several decades, HIV/AIDS is still one of the lead-

ng health problems worldwide [1]. Thanks to the era of universal

caling-up antiretroviral therapy (ART), more and more people liv-

ng with HIV (PLHIV) nowadays have received ART as suggested by

HO regardless of their CD4+ T-lymphocyte (CD4) counts [1,2].

lthough a proportion of PLHIV with access to ART have a life ex-

ectancy similar to the general population, the increased mortality

f many PLHIV still can’t be ignored. So, an in-time accurate fore-

ast of the death risk amongst PLHIV is crucial for clinicians and

ealth care providers to perform effective PLHIV administration [3].

Several studies have shown that some laboratory indicators are

losely related to the mortality of PLHIV and other HIV-related co-

orbidities [4–6]. For example, Bansi et al. [7] suggest that ala-

ine transaminase (ALT), albumin, alkaline phosphatase (AP) and

aemoglobin (HB) to be used to predict mortality risk of PLHIV.

oreover, the platelet-associated index is reported to be closely

elated to the disease progression of PLHIV and still found to be a

redictor of PLHIV combined with community-acquired pneumo-

ia (CAP) mortality [6,8]. In practice, a single indicator is often in-

ufficient in predicting the prognosis of the disease and does not

chieve satisfying results. However, the combination of several in-

ependent indicators may highly improve predictive effectiveness.
in Zhejiang Province (2019R413073). The funders had no roles in study

lysis, interpretation and writing of the report.

© 2019 The Authors. Published by Elsevier B.V.
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ince multiple risk factors of HIV/AIDS-related mortality have been

dentified, some scoring systems have been formulated to predict

ortality [9–11], unfortunately, there is no universal and widely

ecognized applicable scoring system to predict the mortality of

LHIV who underwent ART.

In recent years, more and more researches have focused on lab-

ratory testing indicators to predict survival and prognosis of dis-

ases [12,13]. For example, several risk factors have been formu-

ated base on baseline data of PLHIV on ART to assess short-term

isease prognosis [14–16], however, few available predictive mod-

ls are well validated. As a simpler, more intuitive and advanced

pproach, nomogram is more and more commonly used in the

rognostic analysis. It simplifies the predictive model to the prob-

bility of an event. Besides, it also provides a user-friendly inter-

ace for clinical usage [17]. Though prognosis nomogram models

or predicting the death risk of PLHIV have been developed and

alidated based on previous studies, the performance is unsatis-

ed. For instance, Margaret et al. [18] have developed a nomo-

ram model with the concordance index (95% CI) of 0.75 (0.74,

.81) in the training set and 0.69 (0.59, 0.77) in the validation co-

ort. This nomogram model can’t be unsatisfied, but far from ex-

ellent. As far as we know, few previous studies have formulated

rognosis models of PLHIV receiving ART with satisfied discrimi-

ation and excellent calibration. Depending on common laboratory

nd clinical indicators of 12 years of follow up from the AIDS Pre-

ention and Control Information System (AIDS-PCIS) in the Wen-

hou area, we aimed to develop a simple and effective nomogram

coring system (NSS) to foresee the personalized death risk of PL-

IV. To improve the robustness and reliability of our conclusion, a

ropensity-score matching (PSM) approach was applied at a 1:4 ra-

io to determine the participants, in which a case (dead PLHIV) was

atched by age and gender with 4 controls (alive PLHIV). To make

ur findings more credible, the enrolled study participants were

hen randomly split into a training and another separate validation

ets, depending on the block, at a ratio of 7:3 without replacement.

he association between the presence of death and potential prog-

ostic factors from both clinical and laboratory data were compre-

ensively analysed within the training set. Besides, the effect on

he performance, discrimination and calibration of the nomogram

odel were thoroughly assessed based on the training and val-

dation set, respectively. Meanwhile, the performance of the NSS

as also been assessed by a decision curve analysis. Potential over-

tting has also been well considered in the current study. The indi-

idual survival probability of each participant was obtained by the

omogram based on the training set, and extensively validated in

separate validation set.

. Methods

.1. Study design

The data used in this study were extracted in 3733 PLHIV from

he AIDS Prevention and Control Information System (AIDS-PCIS)

19,20] during the 12 years of follow up in the Wenzhou area. Par-

icipation has been approved by the ethics committees of the Wen-

hou Centre for Disease Control and Prevention (CDC). All partici-

ants identified in the AIDS-PCIS would receive a combination ART

egimen containing at least 3 antiretroviral drugs [21]. Follow-up

http://creativecommons.org/licenses/by-nc-nd/4.0/
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began after starting ART in which each PLHIV was visited by per

three months strictly following the current clinical guidelines until

December 31, 2018, and the antiviral drugs were distributed free of

charge [22]. The inclusion criteria were as follows: 1) Having com-

plete laboratory blood tests before receiving ART; 2) Being visited

at least once; 3) Living in Wenzhou area including temporary resi-

dents; 4) Over 15 years old; 5) Being identified from January 2006

to December 2018. The survival time was defined as the duration

from receiving the first ART to death or December 31, 2018.

At the end of the 12 years’ follow-up, 150 PLHIV died due to

HIV/AIDS-related diseases and were determined as the cases in this

nested case-control study. To improve the comparison and the sta-

bility of the results to some extent, the cases and controls were

matched by the age and gender at a ratio of 1:4 using a propen-

sity score matching (PSM) approach [23]. As a result, a total of 750

subjects, consisting of 150 dead and 600 alive PLHIV, were iden-

tified in the current study, and classified into 150 blocks, which

were then randomly split into a training set and another separate

validation set at a ratio of 7:3. The flowchart of recruitment partic-

ipants is shown in the supplement Fig. S1.

2.2. Clinical information and laboratory reports

Data on demographics and clinical characteristics of partici-

pants were collected in a face-to-face investigation manner at

their enrolment or extracted from their medical records utilizing

a structured questionnaire specifically designed for AIDS-PCIS. The

information included age, sex, height, weight, marital status, oc-

cupation, history of the sexually transmitted disease (STD), dis-

ease stage, the origin of identification, the world health organi-

zation (WHO) clinical staging, infection pathway and others. Body

mass index (BMI) was calculated using the formula: BMI = weight

(kg)/height (m)/height (m).

Information on the laboratory test was obtained from Wen-

zhou CDC or local hospital. The laboratory testing indicators were

consisted of CD4+ T lymphocytopenia (CD4), CD8+ T lymphocy-

topenia (CD8), viral load (VL), white blood cell (WBC), Platelet

(PLT), haemoglobin (HB), serum creatinine (CR), triglyceride (TG),

serum total cholesterol (TC), fasting plasma glucose (GLU), alanine

aminotransferase (ALT), aspartate transaminase (AST), total biliru-

bin (TBIL) and others. All of these laboratory assessments were

conducted at each visit in the central laboratory of local hospitals

or Wenzhou CDC by the same trained technicians strictly following

the clinical guidelines.

The routine blood biochemical examination such as TG, TC, GLU,

CR, AST, ALT and TBIL were applied using the Beckman AU5800 au-

tomatic biochemical analyser (BECKMAN COULTER K., Japan). Other

blood tests including WBC, HB and PLT were performed using the

Sysmex Xe-2100 automatic blood cell analyzer (SYSMEX CORPO-

RATION, Japan). Moreover, CD4 and CD8 were determined using

the BD FACSCalibur flow cytometer (Becton Dickinson Corporation,

USA). VL was assessed using nucleic acid sequence-based amplifi-

cation, NASBATM, NucliSens EasyQ KPC (bioMérieux, France).

2.3. Ethics statement

The data utilized for the present study were extracted

from AIDS-PCIS, which was established by National Centre for

AIDS/sexually transmitted disease Control and Prevention of Chi-

nese Centre for Disease Control and Prevention (CCDC) to generate

the HIV/AIDS epidemic database with continued enrolment of HIV-

infected person. The protocol of AIDS-PCIS establishment had been

approved by the institutional review boards at CCDC and informed

consents were obtained before the subjects’ enrolment. Further-

more, the protocol of the current study was also approved by the
thical review board of Wenzhou Centre for Disease Control and

revention.

.4. Statistical analysis

As missing values will lead to bias on the results to some ex-

ent, multiple imputations were applied to achieve suitable values

or those missing data before the data analysis. A sensitivity analy-

is was also carried out in the current study to evaluate the effect

f missing value filling (Supplement Table S1). To improve the ro-

ustness and reliability of our conclusion, the enrolled 150 blocks

f participants containing 150 dead and 600 alive PLHIV were split

nto a training set and another separate validation set in a random

anner without replacement at a ratio of 7:3. The comparability

f the two sets was then evaluated (Table 1). Continuous variables

ith normal distribution were presented as the mean ± standard

eviation (x̄ ± s) and student t-tests were used to infer the dif-

erences between the training and validation sets. For those with

bviously skewed distribution, median (1st quartile, 3rd quartile)

ere utilized to describe their features and comparisons in the two

ets were carried out with Mann–Whitney U tests. Categorical vari-

bles were presented as frequency (proportion) and chi-square or

isher’s exact tests would be applied for their comparisons.

Depending on the training set, univariate and multivariable Cox

roportion hazard regression models were used to screen poten-

ial prognostic factors and estimate their weights. According to

he Akaike information criterion (AIC), we developed a series of

ifferent multivariable models. Factors with p-values, which were

alculated based on multivariable Cox proportion hazard regres-

ion models, over 0.05 were removed from the associated models.

oreover, according to Occam’s Law of Razor, the best model for

chieving optimal results are models with fewer variables [24]. As

result, a candidate nomogram model with appropriate predictive

bility was screened depending on the three most significant risk

actors. The predictive performance of nomogram and other mod-

ls to predict the survival were quantified using the area under the

urve (AUC) of the receiver operating characteristic (ROC) analy-

is and the consistency index (C-index) [25], and comprehensively

valuated based on the training set and validation set, respectively.

t was reported that the c-index, a generalization of the AUC, was

eveloped by Royston and Sauerbrei [26] to represent the proba-

ility of the concordance between the observed and predicted sur-

ival. The performance of the nomogram was also performed with

alibration. Moreover, the clinical utilities of the nomogram were

lso carefully investigated using decision curve analysis (DCA), X-

ile analysis and Kaplan-Meier curves in an independent validation

et, respectively to make up the limitations of ROC curves, which

ould not achieve the best sensitivity and specificity at the same

ime.

All data management and statistical analyses were carried out

sing Stata/MP 15.1 for windows (Copyright 1985-2017 Stata Corp

LC, College Station, Texas 77845, USA). Figures were drawn with

-Studio for windows (Version 1.2.1335 Copyright 2009–2019 R-

tudio, Inc.). All tests were two-sided and P ≤ 0.05 was set as the

ignificant level.

. Results

.1. Characteristics of participants

In this PSM based nested case-control study, the characteris-

ics of the 750 PLHIV (525 from the training set and 225 from

he validation set) revealed that both sets were similar in all vari-

bles (Table 1). During the period of follow-up, a total of HIV/AIDS-

elated mortality was 73.1 per 1000 person-years in the training
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Table 1

Baseline demographics and clinical characteristics of patients in training cohort and validation cohort.

Variables Training set (N = 525) Validation set (N = 225) P

Discrete variables

Gender 0.119

Men 436(83.0) 197(87.6)

Woman 89(17.0) 28(12.4)

Hepatitis B Virus 0.849

Positive 68(13.0) 28(12.4)

Negative 457(87.0) 197(87.6)

Tuberculosis 0.932

Yes 24(4.6) 9(4.0)

No 488(93.0) 210(93.3)

Missing 13(2.5) 6(2.7)

WHO 0.507

Ⅰ 265(50.5) 125(55.6)

Ⅱ 53(10.1) 17(7.6)

Ⅲ 157(29.9) 65(28.9)

Ⅳ 50(9.5) 18(8.0)

Infection pathway 0.915

NMHR 304(57.9) 134(59.6)

MSM 158(30.1) 65(28.9)

Others 63(12.0) 26(11.6)

Occupation 0.506

Farmer 128(24.4) 62(27.6)

Business people 99(18.9) 45(20.0)

House keeping 124(23.6) 40(17.8)

Worker 73(13.9) 32(14.2)

Others 101(19.2) 46(20.4)

History STD 0.490

Yes 88(16.8) 30(13.3)

No 310(59.0) 137(60.9)

Missing 127(24.2) 58(25.8)

Participants category 0.730

Fixed population 407(77.5) 177(78.7)

Floating population 118(22.5) 48(21.3)

Education 0.097

Illiterate or elementary school 192(36.6) 85(37.8)

Senior middle school 78(14.9) 38(16.9)

Junior high school 207(39.4) 71(31.6)

College and above 48(9.1) 31(13.8)

Marital status 0.523

Married 277(52.8) 113(50.2)

Unmarried 248(47.2) 112(49.8)

Disease stage 0.379

HIV 278(53.0) 127(56.4)

AIDS 247(47.0) 98(43.6)

Origin of identification 0.418

CDC 136(25.9) 49(21.8)

Hospital 317(60.4) 140(62.2)

Others 72(13.7) 36(16.0)

Viral load, copies/mL 0.508

<200 413(78.7) 175(77.8)

200–1000 16(3.0) 4(1.8)

≥1000 96(18.3) 46(20.4)

Continuous variables

Age, year 49.7(37.3,63.5) 48.2(38.2,61.9) 0.624

Body mass index, kg/m2 21.3(19.3,23.7) 21.2(19.1,23.3) 0.347

CD4+ T-lymphocyte count, cells/μL 208.3(86.0,328.0) 203.0(93.9,299.0) 0.430

CD8+ T-lymphocyte count, cells/μL 861.0(535.0,1272.0) 838.0(581.1,1208.0) 0.870

White blood cell, 109/L 5.3(4.2,6.8) 5.1(4.1,6.5) 0.175

Platelet, 109/L 186.0(144.0,224.0) 191.5(145.0,236.0) 0.495

Haemoglobin, g/L 136.7(118.0,149.0) 135.0(119.0,150.0) 0.933

Creatinine, μmol/L 70.0(58.6,81.0) 70.1(58.3,83.0) 0.610

Triglyceride, mmol/L 1.5(1.0,2.4) 1.4(1.0,2.4) 0.576

Total cholesterol, mmol/L 4.1 ± 0.9 4.1 ± 0.9 0.717

Fasting plasma glucose, mmol/L 5.3(4.7,6.6) 5.4(4.6,6.9) 0.916

Aspartate transaminase, U/L 25.0(19.0,34.0) 23.0(19.0,35.0) 0.449

Alanine aminotransferase, U/L 21.6(15.0,34.0) 21.0(15.0,35.0) 0.761

Total bilirubin, μmol/L 10.8(7.7,15.4) 10.3(7.2,15.6) 0.678

Abbreviations: NMHR, Non-marital heterosexual transmission; MSM, men who have sex with men;

CDC, centre for disease prevention and control; STD, sexually transmitted disease.
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Table 2

Univariate and multivariable Cox hazards analysis of the training cohort.

Variables Univariate Multivariate

HR(95% CI) P-value AHR(95% CI) P-value

Statistically significant factors

WHO

Ⅰ Ref Ref Ref Ref

Ⅱ 1.442(0.680,3.059) 0.340 1.376(0.569,3.330) 0.478

Ⅲ 2.698(1.675,4.348) <0.001 1.596(0.944,2.698) 0.081

Ⅳ 5.113(2.977,8.782) <0.001 1.870(0.997,3.507) 0.051

Disease stage (HIV) 0.109(0.055,0.216) <0.001 0.832(0.331,2.094) 0.697

Origin of identification

Hospital Ref Ref Ref Ref

CDC 0.407(0.234,0.706) 0.001 0.648(0.354,1.185) 0.159

Others 0.461(0.231,0.919) 0.028 0.577(0.256,1.305) 0.187

CD4+ T-lymphocyte count, cells/μL 0.990(0.988,0.992) <0.001 0.995(0.992,0.999) 0.007

CD8+ T-lymphocyte count, cells/μL 0.999(0.998,0.999) <0.001 1.000(0.999,1.000) 0.134

Viral load, copies/mL 4.882(3.881,6.142) <0.001 4.025(3.029,5.348) <0.001

Platelet, 109/L 1.003(1.001,1.005) 0.006 1.001(0.998,1.004) 0.412

Haemoglobin, g/L 0.970(0.963,0.978) <0.001 0.988(0.979,0.998) 0.014

Aspartate transaminase, U/L 1.005(1.002,1.009) 0.004 0.993(0.984,1.003) 0.159

Body mass index, kg/m2 0.893(0.837,0.952) 0.001 1.019(0.950,1.094) 0.593

Total cholesterol, mmol/L 0.547(0.440,0.681) <0.001 1.006(0.794,1.273) 0.964

Total bilirubin, μmol/L 1.010(1.001,1.019) 0.031 1.018(0.998,1.038) 0.077

Fasting plasma glucose, mmol/L 1.021(1.003,1.040) 0.023 1.064(1.027,1.101) <0.001

Statistically non-significant factors

Woman 0.947(0.564,1.592) 0.838

Age 0.997(0.985,1.008) 0.591

TB 1.686(0.848,3.353) 0.136 2.115(0.944,4.738) 0.069

HBV(Negative) 0.819(0.449,1.494) 0.514

Infection pathway

NMHR Ref Ref Ref Ref

MSM 0.530(0.323,0.869) 0.012 1.046(0.581,1.883) 0.881

Others 0.728(0.395,1.341) 0.309 0.688(0.337,1.403) 0.303

Occupation 0.941(0.828,1.070) 0.356

Farmer Ref Ref Ref Ref

Business people 0.308(0.142,0.669) 0.003 0.385(0.157,0.941) 0.036

House keeping 0.881(0.514,1.510) 0.645 1.807(1.002,3.259) 0.049

Worker 0.909(0.492,1.681) 0.762 1.224(0.625,2.398) 0.556

Others 1.039(0.623,1.735) 0.882 0.901(0.508,1.596) 0.721

History STD 0.761(0.434,1.335) 0.341

Participants category 0.998(0.644,1.548) 0.993

Education 1.052(0.909,1.218) 0.495

Illiterate or elementary school Ref Ref

Senior middle school 0.631(0.269,1.480) 0.290

Junior high school 0.915(0.517,1.619) 0.760

College and above 1.011(0.656,1.557) 0.962

Marital status 1.369(0.932,2.011) 0.110 0.764(0.483,1.209) 0.250

White blood cell, 109/L 0.992(0.924,1.065) 0.831

Creatinine, μmol/L 1.009(0.998,1.019) 0.102 1.013(1.002,1.024) 0.023

Alanine aminotransferase, U/L 1.003(0.998,1.007) 0.235

Triglyceride, mmol/L 1.024(0.890,1.179) 0.738

Abbreviations: NMHR, Non-marital heterosexual transmission; MSM, men who have sex with men; CDC, cen-

ter for disease prevention and control; STD, sexually transmitted disease.
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set and 72.4 per 1000 person-years in the validation set. The aver-

age overall survival for the training and validation sets were 2.73

and 2.76 years, respectively.

3.2. Nomogram screening depending on the training set

On the univariate survival analysis, a total of 13 factors includ-

ing CD4, VL and HB were detected to be statistically associated

with the mortality of PLHIV depending on the univariate survival

analysis (Table 2). While in the multivariable Cox proportion haz-

ard regression models in which variables with p-value less than

0.2 were included based on the results of the univariate analy-

sis, we found that only CD4, VL, HB, GLU and CR were directly

and independently linked to the HIV/AIDS-related survival time

(Table 2). To formulate an optimal nomogram model, the individ-

ual and combined performances of these five factors were then

comprehensively evaluated using ROC analysis. As could be seen
n Fig. 1, the individual AUCs of GLU, CR, CD4, VL and HB were

.59, 0.51, 0.84, 0.85 and 0.75, respectively. Moreover, ROC curves

ith the combination1 (CD4, VL, HB, CR, and GLU) and combina-

ion2 (CD4, VL, and HB) performed similarly (AUC = 0.94 vs 0.93,
2 = 3.165, p-value = 0.075). To simplify the model by including

nly those most statistically significant variables, GLU and CR were

emoved from the model because of their relatively small AUC. So,

nomogram for predicting the mortality of PLHIV was prelimi-

arily constructed with three factors containing CD4, VL, and HB

Figs. 1, 2, and Supplement Table S2). The associated concordance

ndex (c-index) was 0.91 (95% CI, 0.86–0.97), which indicated that

bout 91% of the probability of individual mortality would be cor-

ectly predicted by the nomogram model. Furthermore, as could be

een in Fig. 2, each selected biomarker was assigned a correspond-

ng score according to its value on the nomogram. After calculat-

ng the total score, we drew a vertical line using the total score

nd obtained the individual probability of PLHIV survival. The as-
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Fig. 1. The ROC curve of the prognostic nomogram, CD4, VL, HB, CR, GLU and combined group in the training and validation set.

Notes: The ROC curve for training cohort (a) and validation set (b).

Abbreviations: VL, viral load; HB, haemoglobin; GLU, fasting plasma glucose; Combine, CD4, VL, HB, CR and GLU; CR, creatinine; ROC, receiver operating characteristic.

Fig. 2. Nomogram of laboratory index for predicting HIV/AIDS-related survival in the initiated of ART.

Note: The scores of each variable were added to obtain the total score, and a vertical line was drawn on the total score to obtain the corresponding probability of death.

Abbreviations: HB, haemoglobin.
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ociated scores for the independent risk factors calculated by the

omogram on the corresponding situation were presented in Sup-

lement Table S2.

.3. Validation of the nomogram based on the validation set

To verify the efficacy of the nomogram to predict survival of

LHIV, we conducted comprehensive validations of the nomogram

ased on the validation set as follows: First, we determined the

-index with 0.92 (95% CI, 0.82–1.00). Second, as could be seen

n Fig. 1, its associated AUC in the ROC analysis achieved as high
s 0.95 (95% CI, 0.91–1.00). Third, calibration curves also displayed

igh consistency in the prediction of PLHIV’s survival time, espe-

ially in the first year after receiving ART (Fig. 3).

.4. Comparison between nomogram and laboratory test indicators

To further validate and compare the superiority of the labora-

ory indicators and the nomogram in assessing the survival of PL-

IV, we plotted the ROC curves of CD4, HB, GLU, VL, CR, a full

ombined model containing these five indicators together and the

omogram (Fig. 1) in the training set and validation set, respec-
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Fig. 3. Calibration curves for predicting overall survival rate by the nomogram in the training and validation set.

Notes: Calibration curves of the prognostic nomogram for 1-year overall survival (a), 2-year overall survival (b) and 3-year overall survival (c) in the training set; calibration

curves for 1-year overall survival (d), 2-year overall survival (e), and 3-year overall survival (f) in the validation set.
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tively. The ability of each model was assessed by AUC (95% CI).

Among them, the AUCs for the nomogram in either the training

set (AUC = 0.93) or the validation set (AUC = 0.95) were all signif-

icantly higher than those of each laboratory indicator (P < 0.05),

which reflects the high diagnostic value of the nomogram model.

Moreover, no significant differences in the AUCs between the

nomogram and the full combined model were observed in the

training set (AUC = 0.93 vs 0.94) and validation set (AUC = 0.95

vs 0.95). So, to simplify the model and achieve the same predic-

tion effect simultaneously, we determined the final nomogram as

the model containing VL, CD4 and HB (Fig. 2).
.5. DCA curve analysis

As was shown in Fig. 4, whether in the training set or validation

et, the nomogram and the full combined model all performed out-

tandingly in various predictors regardless of the threshold, which

nsured to achieve maximum clinical benefit. Overall, the DCA

urve indicated that a nomogram was feasible to make valuable

nd profitable judgments. Furthermore, among the three detected

actors included in the nomogram, we also observed that VL was

ore beneficial than the other two routine clinical laboratory indi-

ators in the prediction of PLHIV survival.
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Fig. 4. The Decision Curves Analysis curve of the prognostic nomogram, CD4, VL,

HB and combined group in the training and validation set.

Notes: The DCA curve for Training cohort (a) and validation set (b). Combined

group: CD4, VL, HB, CR and GLU; the horizontal axis represents the threshold value,

which is the reference probability of whether a patient receives treatment, and the

vertical axis represents the net benefit rate after the advantages minus the disad-

vantages. Under the same threshold probability, the larger net benefit implies that

patients can obtain the maximum benefit using the diagnosis of this model. The

closer the curve in the DCA graph is to the top, the higher the value of the model

diagnosis will be.

Abbreviations: DCA, decision curve analysis.
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.6. Performance of the nomogram in stratifying risk of patients

In the training set, the total prognostic scores calculated by the

omogram were categorized into three risk groups to predict mor-

ality: low-risk (<112), moderate-risk (112∼) and high-risk (≥166)

ollowing the cut-off points detected by the X-tile analysis (Fig. 5).

s compared to the low- or moderate risk population, HR (95% CI)

or the moderate- and high-risk categories were 11.33 (5.49, 23.38)

nd 6.23 (4.11, 9.44), respectively. In the validation set, the com-

arisons of the cumulative probability of survival in each category

ould be found in Fig. 6. The HR (95% CI) for the moderate and

igh-risk categories were 20.50 (4.73–88.81) and 11.12 (5.53–22.36)

s compared to people with the low- or moderate risk. The Kaplan-

eier curves in both the training and validation sets all clearly dis-

losed that the nomogram was stable to forecast the probability of

urvival in PLHIV after receiving ART.

. Discussion

Although PLHIV may live longer than before with the

idespread usage of ART, accurate prediction of the survival for

LHIV remains to be necessary and a major challenge for health-
are providers since it can effectively improve PLHIV’s survival. Be-

ides, a prediction helps develop appropriate healthcare for PLHIV

nd guidelines for HIV/AIDS administration [27]. For clinicians or

isease control staff, it is also highly beneficial in the personal-

zed administration of PLHIV and optimizing the delivery of lim-

ted health resources [28]. Based on this nested case-control study

rom a HIV/AIDS cohort in the Wenzhou area, we comprehensively

ssessed the relationship between some routine laboratory test

arkers and the mortality of PLHIV. An optimal prognostic nomo-

ram model, containing VL, CD4 and HB, and with satisfying sta-

ility and accuracy, for the prediction of PLHIV mortality was suc-

essfully developed and carefully evaluated.

Available pieces of evidence suggest that a nomogram can be

ffective in predicting the prognosis of patients and it’s simple and

ntuitive features are easy for clinical staff to interpret [29,30]. To

he best of our knowledge, the present study is the first report on

eveloping a nomogram to predict the survival probability for PL-

IV using some baseline laboratory testing indicators. In the multi-

ariable Cox proportion hazard regression model, we observed that

D4, HB and VL were all independently associated with the mor-

ality of PLHIV. When the three variables mentioned above were

ncorporated into a nomogram model, we achieved a bootstrapped

orrected concordance index as 0.914 in the training set. A satis-

ying agreement with good calibration (c-index = 0.917) and high

ccuracy (AUC = 0.95) was also observed in the independent vali-

ation set.

In the present study, the nomogram did not include clinical

igns and symptoms such as the WHO clinical stage, which had

een reported to be associated with the mortality of PLHIV. The

ossible reason was that the laboratory indicators were more sen-

itive in predicting mortality than those clinical signs and symp-

oms. A previous study has shown that establishing a haemato-

ogical index to assess the status of disease progression in PL-

IV may be more useful to clinicians than available methods [31].

n recent years, many studies have reported that some labora-

ory tests are closely related to the death of PLHIV. Engsig et al.

32] found that virally suppressed HIV-positive individuals on ART

ho do not achieve a CD4 count >200 cells/μL have substantially

ncreased long-term mortality. Shoko et al. [33] also suggested that

L was a better predictor to forecast PLHIV mortality than CD4.

strong association of CD4 at the start of therapy with subse-

uent survival in PLHIV was also detected [34]. Meanwhile, HB

as also independently associated with the survival and progres-

ion of PLHIV [7]. Fortunately, our results disclosed that VL, CD4

nd HB were also significantly linked to the survival of PLHIV and

ell consistent with these published findings. Elevated VL and de-

reased CD4 levels were markers of immune dysregulation and on-

oing inflammatory processes, which might induce increased mor-

ality of PLHIV. As can be seen in Supplement Fig. S2, the higher

evel of VL the lower survival probability of PLHIV (χ2 = 380.358,

< 0.001). Meanwhile, we also find that elevated CD4 level is sig-

ificantly associated with reduced death risk of PLHIV (Supplement

ig. S3a), which is consistent with previous reports [35]. Further-

ore, haemoglobin level was also observed to be independently

ssociated with the mortality of PLHIV (Supplement Fig. S3b). Pos-

ible explanations are as follows: (1) Chronic inflammation con-

ributes to the development of anaemia is observed not only in

he general population but also in PLHIV. Previous reports suggest

hat anaemia is associated with the mortality of PLHIV because of

he haematological abnormality [36–41]. (2) PLHIV with long-term

naemia is commonly due to an unhealthy lifestyle, more likely to

ave poor treatment compliance, which will largely increase the

eath risk to some extent. Although ART is an effective measure to

educe the prevalence of anaemia, a large number of PLHIV are still

n the trouble of unresolved anaemia persistently or developing

o anaemia [42], this is consistent with our findings. Furthermore,
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Fig. 5. X-tile analysis of the total risk score in the train cohort.

Fig. 6. Survival curves stratified by the score calculated by the nomogram scoring system [low-risk (<112), moderate-risk (112∼) and high-risk (≥166)] in the validation

cohort.
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our findings also revealed that VL was the most important pre-

dictor with an excellent predictive ability (AUC = 0.8536). It also

proved that HIV RNA would be an optimal predictor of long-term

mortality than other laboratory markers [33]. However, as a sin-

gle predictor is highly susceptible to offset, its prediction accuracy

would be ineffective, which would greatly limit its results extrap-

olation [21]. To overcome or avoid the limitation of a single pre-

dictor and achieve higher predictive accuracy, we combined three

detected predictors to construct a nomogram model in the present

study. Our data confirmed that the nomogram was much better

in the prediction of PLHIV survival than that of any single predic-

tor in both the training set (AUC = 0.93) and the validation set

(AUC = 0.95). Besides, the DCA curve has been commonly used to

evaluate the efficacy of specific clinical approaches in many studies

[43,44]. In the present study, we also used the DCA curve to check

out the potential clinical effects of the nomogram and our findings

showed that the nomogram was more useful than any other indi-

cator in predicting HIV/AIDS related mortality.

Several strengths could be found in the present study. First, our

data suggested that the nomogram was a good option to effectively

forecast the death risk of PLHIV. Second, to obtain better perfor-

mance in the actual prediction, we also calculated a total score of

the death risk by the nomogram. PLHIV could be classified into

different categories according to the cut-off points determined by

X-tile analysis. This would be very favourable to promote the pre-

cise prevention and personalized health management of PLHIV to

maximize cost-effectiveness. Furthermore, our findings came from
PSM-based nested case-control study, in which the cases and

ontrols originated from the same population-based cohort. This

tudy design would be advantageous to reduce the selection bias,

mprove statistical efficiency, and make our conclusion more robust

nd reliable.

Limitations also existed in this study. First, the nomogram

odel was established mainly based on the baseline level of VL,

D4 and HB. As the levels of these three laboratory markers could

ot maintain stable throughout the whole follow-up period, it

ould partly affect the accuracy of the prediction, and perhaps the

eason of the differences between the predicted and observed mor-

alities, especially in the 2- or 3- year survivals after receiving ART

Fig. 3). Fortunately, the differences between the predicted 1-year

ortality and the observed one in both the training and validation

ets were very similar, which indicated that the baseline laboratory

arker-based nomogram was more suitable for the prediction of

hort-term death risk in PLHIV after receiving ART. Second, several

RTs had been provided to the identified PLHIV during the study

eriod. This would also affect the performance of the nomogram to

ome extent. As we know, China carried out free ART strategies to

IV/AIDS throughout their lives. However, as the largest develop-

ng country with a large number of PLHIV, China could not afford

oo many kinds of ART strategies, and the commonly used antiviral

rugs were limited, which would reduce the impacts due to ART

trategies on our findings to some extent. Third, the participants

ere only from Wenzhou, which might limit the extrapolation of

ur findings to the whole PLHIV.
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In conclusion, our findings suggest that the nomogram con-

tructed by routine laboratory markers can serve accurate and

avourable prognostic prediction in the mortality of PLHIV. This

ay be very beneficial in promoting the precise prevention and

ersonalized administration of PLHIV.
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